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2 Proceedings of Royal Society of Edivhwrgh. [sras. 

Professor Sir DOUGLAS MACLAGAN, President, 

in the Chair. 

Chainmm'e Opening Addreee. 

(Head Daoembw 7, 1891.) 

It is in conformity with time honoured custom, and in the per- 
focmanca of duty, that I offer a short address on the occasion of 
the opening of the Society's 109th Session. 

I confess that I have little to say which can be expected to attract 
the notice of the Fellows, or to bear to be recorded in onr proceed- 
ings ; but I am glad to be able to state that ahke as regards Fellow- 
ships, Finances, and the work of the past Session, the Society is in 
a prosperous condition. 

We have added to our number 18 Ordinary Fellows who have 
passed the triple ordeal of the Council and the ballot of the 
Society; and we have good reason to believe that not a few of these 
will prove valuable pioneers in the domains of Science and 
Literature, and interesting contribntora to our Proceedings. 

Among the Fellows elected this year, there were two Lords of 
Session, three Professors, eight Doctors of Science or Medicine, and 
the Editor of the leading Newspaper of Scotland. 

We have had during the past year 76 papers read before the 
Society, which may be classified thus: — 18 in the department 
of Natural Philosophy, 3 in Astronomy, 7 in Mathematics, 12 in 
Chemistry, 1 in Geology, 6 in Zoology, 4 in Botany, 8 in Physiology, 

3 in Anatomy, 6 in Meteorology, 7 in Physical Geography, and 
1 in Philology. 

It thus appeals that few of the leading departments of Science 
have been unrepresented at one or more of our meetings ; and we 
have thus the satisfaction of knowing that the Boy^ Society 
mtuntains its character for scientific catholicity, and that its meet- 
ings are open to all who have anything to say on the special scientific 
subjects to which they have davoted their attention in the way of 



I have more than once, when occupying this chair, expressed my 
regret that while we rejoice in the activity of the cultivators of 
Physical and Natural Science, we have so few contributors to 
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Literature, wbicli, equally with Science, is an object of tbe institu- 
tion of the Royal Society. I have to repeat this expreaaion of 
regret. Of the 76 papers read before us, onJy one was of a purely 
literary character, and titia was, tus haa been the case for some time, 
contributed by my ever active minded and ready penned friend, 
Emeritos-Profegsor Blackie. This paper was on the bi-stratification 
of the Greek langnai^e, as it is at present spoken and writteD in 
Greece. There are two phases of Greek, the Romaic used in con- 
versation by all classes, and the neo-classical used in the newspapers, 
the courts of law, the parliament, and in the great majority of 
literary works. The interest of Professor Blackie's paper consisted 
in recalling a similar state of matters that existed in our own 
country in the last century and beginning of this, where the Scottish 
language, or dialect, was generally used in conversation, but the 
English language or dialect was as generally used for literary 
compoeitloD. It is a satisfaction to me personally that I lived lonj; 
enough back to hear the Scottish language used constantly, especially 
by my materoal relatives, in ordinary family conversation, whilst 
they could put on their English, as they would their best dinner 
dress, when they had strangers among them. I hope that it may yet, 
on account of its pithiness and national character, maintain some 
ground among us as a spoken kngnage, notwithstanding the sneers 
of some, alas ! even of our own countrymen, who treat it naen aduneo 
as vulgar, because it is the language of our peasantry. Such persons 
I venture to call imperfectly educated, because they know not the 
language, perhaps some of them never heard the names, of our poets. 
Blind Harry the historian of Wallace, John Barbour the historian of 
the Bruce, King James I. the royal author of "The King's Quhair" 
and other poems, Dunbar the writer of " The Thistle and the 
Rose," Gawain Do'jglas, the Episcopal son of Archibald Bell-Mie- 

CQt, 

" Moro plcttEwd tlint in t, barbarona age 
He gave to Scotland VirgU'a page, 
Than that beneath his mle he held 
The bishopric of fair Duulield ; " 

oar Scottish Satirist David Lindsay, and our prose writers Lindsay 
of Pitscottie, and the clerical historian Calderwood. 

The Scottish dialect in this country, and the Romaic in Greece 
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may be destined to disappear {abgit ornen), bat if oar Scot^ilL should 
perish as a spoken tongue, it will hold its own as a classical 
laoguoge, UDtil the anthor of the Gentle Shepherd, the tendn; 
addresser of the Field Muuse and the Daisy and the rollicking 
narrator of the adventures of Tarn O'Shsnter, ^th the creator of 
Edie Ochiltree and Caleb Balderston, have become merely names 
beloD(i;ing to a remote antiquity. 

Fiofessor Blackie has often Insisted in this room that the best 
way of learning Greek b to reside for several mDuths at Athens 
and learn it converaationally. It most be a great satisfaction to bim 
to know that one young man at least is now going out to Athens to 
pat to a practical test the method of instruction in the classical, hot 
still living, language vhich he has so persistently advocated. There 
is a remarkable confirmation of this view in the cose of John 
Basiagetoke, who flourished in the first half of the 13th ceutuiy, 
dying in 1262, and which has not been noticed by Professor 
Blackie. Basingstoke while in Athens became acquainted with a 
remarkable girl, the daughter of the Athenian Archbishop, and by 
conversing and reading with her he declared he learned more Greek 
in three months than he had done in the University of Paris in 
four years. This yonng lady, though not conversant with modem 
sanitary science and the relation between the violation of its rales 
and disease, coald foretell the occurrence of pestilence ; and though 
living long previous to the foaudatton of Ben Nevis Observatory, 
could predict storms ; and though she had not studied the works of 
Kepler, Newton, or La Place, could foretell eclipses; while she 
proved hereelf to be a seismologist of the first order by foretelling 
the occurrence of earthquakes with unerring certainty. I give 
these statements on the authority of Matthew Paris in his Chronica 
Mqjora, though they make a rather heavy demand on our faith as 
to the accomplishments of this phenomenal damsel. I will only 
express the hope, for the credit of her escntcheon, that her father 
the Archbishop had been legitimately married before he was con- 
secrated. 

It is not incnmhent on, nor would it be proper for me, to offer 
any commentaries on, or cnticism of, the papers which were read 
before us during last Session, but I venture to make three excep- 
tions, including Professor Blackie's. 
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It was the privilege of the Society to hear from His Serene 
Highness the Prince of Monaco eome account of bis nev vessel the 
"PrincesBe Alice," which has been epecially constracted Bndeqnip^ied 
for deep sea investigation. It was a great disappointment to the 
Society that from the delay of the outfit of this ship on the Thames, 
tbe Fellows bad not the pleasure of inspecting the vessel personally. 
We have plenty of records of the outfit of sbips for scientific 
exploration, but we have not had the pleasure of inspecting one 
which was specially ordered and constructed for scientific purposes ; 
and we all earnestly hope that in tbe coutse of the ensuing year 
this privilege may be afforded ns. In the meantime we desire to 
record oar satisfaction that a man of His Serene Highness' rank, 
himself every inch a sailor, with his large means, sbonld devote 
himself to pare science, and bring with it in his intercourse with ns, 
those nnpretending and genial manners which made us, when in his 
company, entirely forget the Prince in tbe Scientist. 

With the Prince of Monaco we had the pleasure of hearing an 
interesting paper by tbe Baron de Guerne, the President of the 
Zoological Society of France, who laid before as some results of tbe 
deep sea ezplontion by the Prince of Monaco in his sailing vessel 
tbe " Hirondelle," with admirable illustrations of species, many of 
tbem new to science, and it will be a pleasant addition to bis High- 
ness' return visit should be be accompanied by tbe learned Baron 
if the " Princesse Alice " should find her way to tbe Firth of Forth. 
Where tbe " Princesse Alice " at present is I know not, whether 
bmving the fierce waves of the Atlantic, or safe in some quiet 
French harbour. We can all earnestly utter the aspiration of 
Horace — 

"Sio t« Diva potena Cypri 
Sic fntre» Helenae, Incidft aiders 
VentonmiqQe regat pater" 

that our wishes may be fulfilled. 

Tbe other paper read last Session which I desire to notice in an 
eiceptional way, is our colleague Mr John Aitken's description of 
bis instrument for counting the dust particles in tbe air, which 
seems to me to be of first-rate importance, and calls for a more than 
passing notice. By it my mind is carried back to tbe time now 
nearly half a century past, when so much attention was directed to 
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this subject tn connectioo with the keen and Bometimes actimonions 
discauion on spontaneous generation. True, then it was to the 
organised and living particles in the air that atteotion was directed, 
bnt it gave a great impetus to investigation of the whole question of 
aerial dust. The laborious work of Tissandier in Paris, of Angus 
Smith in this country, and of Fodor in Austro-Hungaiy, have given 
us some iuiportaot kaowledge of the amount and nature of those 
dust particles, but how rough even the most careful gravo-metric 
methods are when compared with that of Aitheu 1 How simple the 
manipulation, especially with the portable apparatus, which lie 
described in his last communication to the Society I One wonders 
whether the optically pure air of Tyndall would stand this test 
As one interested in hygienic investigations, I should like to see it 
applied not only to enumerating the particles, but in showing how 
much is orj^nic, and bow much inorganic. Suppose the normal air 
of a room were examined, and then a sample of the same air pre- 
viously passed say through a led-hot tube to deettoy organic matter, 
would this give us a means of determining the organic particles of 
the atmosphere) It might be difficult of execution, but the results 
would be important. On the vexed question of ventilation I think 
it can throw much light Indeed, by some of his experiments in 
this room and elsewhere, Mr Aitken has shown that with sufficient 
means of air renewal hie instrument can readily detect rates of air 
purification. One cannot but feel that with this new aid many 
important points will be elucidated. 

It is my duty to make mention of those of our number who have 
passed away since the opening of last Session. These were fourteen 
Ordinary, and two Honorary Fellows. I would in no sense have it 
supposed that a short passing notice here, is to be regarded as any- 
thing else than a suggestion t« others who may have special know- 
ledge, to give us better records of our deceased colleagues at the 
ordinary meetings of the Society. But in truth such suggestions 
are in great measure unnecessary now, as in a large proportion of 
those whom I have t« name this has been anticipated by interesting 
memoirs read to the Society during last session. 

Of Professor Coauo Innes Bnnxou, the gifted " son of a 
gifted &ther, I would say no more than that an intereeting notice, 
by Mr William Marshall of this young scientist who has been 



£z-President Xiord Moncreif^ 
great abilities of the deceased, hi 
80 often displayed on the occasi 
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prematurely token away, was read to the Society on the 20th 
July last 

Of the late Professor Campbell Swinton, an admirable biography 
was on 6th April last commnnicated to the Society, by our 
in which we were reminded of the 
s varied acquirements, his eloqnence, 
sion of great University ceremonials, 
when he had as Dean of the Faculty of Law to present candidates 
for the degree of LL.D., a duty in the performance of which he was 
unrivaUed, and his earnestness in fulfilling all hia duties, whether 
in the University or in the Church, or as a country gentleman. A 
most interesting notice of Mr Swinton, regarding him chiedy from 
his position as a churchman, has appeared in the Edrom Parish 
Uagazine, from ao competent a pen as that of the Hon. Lord 
Low, with all of which I cordially concur, and which may be 
regarded as an admirable appendix to Lord bloncreiff's excellent 
biography. I must content myself with referring to those interest- 
ing memoiis, bnt I may be permitted to say a word for myself on 
the scoro of old friendship. In Archibald Campbell Swinton I 
always found one whom no difference in opinions, political or 
BGclesiastical, could prevent from giving his personal regard and 
esteem, who gave an ungrudging confidence to his medical advisers, 
and who when shattered by illness and by the severe accident which 
hastened his death, retained the cheery spirit and quiet resignation 
of a Christian gentleman. 

Of Mr Ddncah Hatthbws an elaborate notice by Professor 
M'Intosh was read to the Society on 5th January last. There is 
something touching in the remembrance that I had last year to 
record my esteem of his eminent relative, Dr Matthews Duncan, and 
to have now to notice the death of the cousin, and to lament that 
one 80 young, and animated with such an ardent and disinterested 
love of biological science, should not have lived to continue the 
career on which he had entered with sncb remarkable success. 

Dr Edward Sang was bom in Fife, studied at Edinburgh 
University under Sir John Leelie, and eventually became assistant 
to that eminent Professor. He afterwards held the appointment of 
Professor of Mechanical Philosophy at Constantinople, but returned 
to Edinbu^h on the outbreak of the Crimean War. With the 
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exception of the time spent at Constantinople lie reuded in Edin- 
bargh, and was engaged in scientific work and in teochiDg 
mathematics. The great work of his life was the preparation of a 
series of exhaustive tables of logarithms. He was Secretat? for 
many years to the Royal Scottish Society of Arte. He received the 
degree of LLD. from the University of Edinbm^h, was admitted 
to this Society in 1849, and was adjadged the Makdoagall-Brisbana 
prize in June 1886. He died at the age of 86, and will be remem- 
bered with affection and respect by a large number of the Fellows of 
this Society, and by more than one generation of stadents to whom 
he taught mathematics. 

Adolp Paul Schdwzb was born on 8th October 1840atCriminit«- 
chau, in Saxony, studied engineering in the Polytechnic at Chemnitz, 
and came to England in 1864. Hia special study was the micro- 
scope considered as an optical instrument, and he made substantial 
contributions to optical scienca Ue died on 3rd January 1891. 

Robert Williah Mtlnb was descended from a family that for 
several generations acted as the King's master-masons for Scotland. 
An ancestor of hia was the architect for the North Bridge of Edin- 
burgh. The deceased was engineer to the Limerick Water 
Company, and the New London Water Company. He was 
frequently called on to giro evidence before the Committees of the 
House of Commons on questions relating to the water supply of 
towns. He was also an eminent geolt^t, and his geological map 
of London was long a standard authority. He died in July 1890, 
at the age of 74. 

Dr Patrick Jaues Stirlino was bom in Dunblane in 1809. 
He studied at St Andrews University, and was a favourite pupil of 
Dr Chalmers, then Professor of Moral Philosophy and Political 
Economy, in whoso class he carried off all the highest distinctions. 
He afterwards attended the Law Classes in the University of Edin- 
burgh ; and he manned in a class in which Lord More, Lord 
Jerviawoode, and Principal James David Forbes were his fellow- 
Students, to gain the very high distinction of the Gold Medal in 
the class of Civil Law, Notwithstanding his being for many years 
the leading Solicitor in Western Perthshire, he found time to publish 
a work on " The Philoeopby of Trade," and another on " The Gold 
Discoveries." He translated Frederick Bastiat'a works entitled 
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" The HarmonieB," and " The Sophianw." For his literary labours 
he received the degree of LL.D. from the Universit; of St Andrews. 
He died 23rd March 1891. 

Dr Jaues Sandbbson wbs bom in Daubar in 1812 and received 
his medical education at the Univeraity of Edinbui^h. In 1832 he 
was appointed to the Medical Staff of the Madras Service, and was 
placed on the retired list in 1863. He was elected a Fellow of this 
Society in 1863, and for many years held the ofBce of Treasurer to 
the Scottish Meteorological Society. He died in April 1891. 

Sir John Hawksbaw was bom and educated as an engineer at 
Leeds. When only twenty years of age he undertook the manage- 
ment of the Bolivar Copper Mines in South America. On his 
return to Eugland he was successively engineer to the Manchester 
and Bolton Canal and Bulway Company, and to the Lancashire and 
Yorkshire Railway. The Severn Tunnel is considered his greatest 
achievement in engineering, from the difficulties that had to be 
overcome. He proposed to connect England with the Continent 
by means of a Submarine Tunnel He was knighted in 1873, and 
was President of the meeting of the British Association at Bristol 
in 1875. He died in his 81at year. 

Mr JoHM TuRNBULL of Abbey St Bathans was bora in 1820. He 
was educated at the University of Edinburgh, and at the age of 21 
passed as a Writer to the Signet. As an Arcbseologist and 
Naturalist, hia attainments were far above the average ; and he 
hod BO refined a taste, and so deft a hand as an artist, that had he 
not been a country gentleman and a professional man of lav, he 
might readily have gained for himself an honourable place among 
the limners of his native land. He spent a year in Egypt and 
Syria, and brought home a portfolio of sketches of great artistic 
merit He died on 21at Jane last, deeply regretted by all who 
knew him, and especially by the people of ^rwickshire, of which 
County he had for many years been Convener. Here is another of 
those for whom on the score of friendship and regard, I desire to 
add to my estimate of him as a worthy Fellow of the Royal 
Society, a sincere tribute of my personal regret 

The Right Honourable John Inolis of Olencorse, President of the 
Court of Session, and Lord Justice General of Scotland, was the son 
of the Rev. Dr IngUs, and was born in Edinbuigh in the year 1810. 
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Ub went thtoogh the High School Cnrricnlnm in thia city, and con- 
tinued his atndiea at the TJniTenity of Glasgow, from which, with 
a Snell ^Exhibition, he proceeded to Balliol College, Oxford, 
graduating there as B.A. in 1831, as M.A. in 1837, and as D.C.L. 
in 1859. He was called to the Scottish Bar in 183S, and abont 
nine yeare after was appointed an Advocate-Bepnte. On the 
return of the Confiervative party to power in 1862, and dariDg 
Lord Derby's short administration, Mr Inglis filled the office of 
Solicitor General, and afterwards of Lord Advocate. The latter 
office he ceased to hold on the fall of Lord Derby's Government, 
but when the Conservatives returned to power in 1868 he was 
reappointed Lord Advocate, and sat in the House of Commons for 
the boroogh of Stamford. ' It was in this year that he succeeded in 
carrying through Parliament the Scottish Universities Act, by which 
he procured a new Constitution for the University of his native 
ci(y, and it was only a natural thing that when the vacancy 
occurred, be was elected Chancellor of the University of Edinburgh. 
He had previously been called on to fill the office of Dean of the 
Faculty of Advocates. In 1858 he continued in Farliament till 
he was raised to the Bench as Lord Justice Clerk. In 1867 he 
was promoted to the Presidency of the First Division of the Court 
of Session, and became Lord Justice General of Scotland. He 
adorned the bar with great gifts of eloquence and legal acumen. 
Aa a judge it has been said of him that his decisions were based 
upon accurate and exhaustive knowledge of the law in all its details, 
and were expressed with a clearness of statement that made his 
judgments models of legal and scholarly argument, whilst Counsel 
received from him unbounded courtesy. He died on the 20th of 
August last 

Under any clrcnmstancea it would be little short of an imperti- 
nence on my part to offer any detailed character of Lord Justice 
General Inglis in his forenxic and judicial relations. 

Fortunately for me this has been admirably done in a faithful 
and diacriminatjng biography by my learned frieud Sheriff j£neas 
Mackay, in the number for October last of Blackwood's Magazine. 
I may be permitted again, on the score of longstanding acquaint- 
ance, to record my esteem of John Inglis as a personal friend. I 
may be held entitled to do this, when I state that our acquaintance 
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began as far back as October 1819 when we together entered as 
" Gaits " Carson's Class at the High School Of course when 
Inglis was at Glasgow and Oxford we saw nothing of one another, 
bnt when he returned to Edinburgh we were able, as members of 
jMackay's Clnss Club, to renew our intermpted bnt not forgotten 
friendship, which lasted to the end of his Ufa John Inglis was by 
many persons said to be cold in his friendships. I know not how 
this may have been to others, but it was not so to me. I cannot 
easily forget that on the occasion of many kind friends presenting 
to me my bust, by the bands of the UniTersity ChancelloT, after 
he bad performed the ceremony with all the dignity which so 
characterised him, he, eotta voce, grasped my hand, with the warm 
expressioa of " Dear old boy ! " 

I can add nothing to what has already been published of Lord 
Justice General Inglis, than that it will not be easy for Scotland to 
find one who will dischai^e the functions of that high office with a 
similar combination of judicial learning, cleuness of dedsion, and 
dignity of manner. 

Thohas Miller, Emeritns-Rector of Perth Academy, was bom 
in 1807, at Ardocb, in Perthshire. He studied at St Andrews Uni- 
versity, where he graduated as M.A. After graduation, a vacancy 
having occurred in the Mathematical Mastership of Madras College, 
St Andrews, be was unanimously elected to that poet. During the 
four years that he held this appointment, be more than tripled the 
number of etadeots. He was subsequently elected to the office of 
Rector of Perth Academy, in which capacity he taught the classes 
of mathematics, natural philosophy and chemistry. The excellence 
of his teaching was testified by the approving Reports of Professor 
Kelland, and of Mr Feaion, the examiner for London and Middlesex, 
who said that Dr Miller's teaching was better than any he saw in 
England. He was foremost in the foundation of a Mechanics 
Institute. He also published a treatise on the Differential Calculus, 
which obtained iof him the degree of LL.D. from two Scottish 
Universities. Di Miller continued to hold the position of Boctor 
of the Perth Academy for the long period of forty-four years ; and 
on his retiring from the Rectorship in 1881, his numerous friends 
and pupils presented him with his portrait. He was Vice-President 
of the Literary and Antiquarian Society of Perthshire, and was Chair- 
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man, Vice-PreBident, or member of varioua Trusts and Societies 
in Perthshire, founded for benevolent purposes. He died on 
9th September 1891, 

David Davidson was the aon of the Rev, Di Davidson, of Muir- 
house. Poorly fifty years ^o, when in his 35th yeai, he went to 
Canada as bfanager of the Bank of British North Ameiica. Ue 
fiUed this office till 1865, when he was appointed General Manager 
of the Bank of Montreal. While there, with the assistance of his 
uncle the late Lord Cockburn, he was instrumental in selecting in 
Scotland qualified instructors to introduce a high standard of 
education in the public school then established in Montreal. In 
1863 Mr Davidson accepted the General Managership of the Bank 
of Scotland. This position he occupied with much snccess till 
1879, when owing to failing health he resigned. After bis retire- 
ment he accepted the Chairmanship of the North British and 
Mercantile Insurance Company. He was well known as one 
interested in many charitable works. He died on 30th October 
last. I may here ^ain be permitted to offer a tribute of r^ard 
to the memory of a personal friend. 

James Rdssell Lowell, one of oar Honorary Fellowt<, was bom 
on 22nd i'ebmary 1819 at Cambridge, Massachusetts, and was of 
Puritan origin. It is said that be was the heir of several genera- 
tions of men of high thinking and pions ways. He studied at 
Harvard University, and took the degree of LL.B. On leaving 
College he did not seriously attempt to practise the profession of 
law, literature having entirely absorbed him. In 1844 be 
published a volume of poems of such excellence as to show that 
America possessed a new poet In 1848 he published the "Biglow 
Papers." This work was followed by his poems entitled "The 
Vision of Sir Launfal," "The Present Crisis," and "A Fable for 
Critics." In 1855 he was appointed to the Chair of Modem 
Languages and Belles Lettres at Harvard. Whilst holding this 
Chair he published hte "Fireside Travels" and "Under the 
Willows." He also edited tlie "Atlantic Monthly and North 
American Beview." His strength as a critic was revealed in hia 
works " My Study Windows," and " Among my Books." From hia 
Chair at Cambridge, Lowell was called to be Minister at Madrid, 
and in 1880 be was appointed representative of the United States 
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in England. No foreign represeatative was ever more respected 
and admired. 

It is not permissible to me to say anything critical as to the 
writings of one who has been the sabject of a fall article in the 
Edinbni^ Review, Many there are who will read that article, and 
the more serious writings to which it refers, but Lowell will be 
better known to thonsands who, after mastering the Tankee dialect, 
have langhed till their sides were sore, over the poetical efiusions of 
Mr Hosea Biglow, the recommendatory epistles of the Rev. Homer 
Wilbur, M.A., and the experience of Mr Bird-of-Freedom Sawin, 
translated from Bird-of-Freedom's prose into Mr Biglow's verse. 

America has reason to be proud of her literature in Lowell, and 
this Society in having enrolled him in the list of Honorary Fellona. 

Lowell died on 12th August 1891. 

WiLHBLM EonAADWEBBR, another of our Honorary Fellows, was 
bom at Wittenberg in 1804. He studied at the University of Hallo, 
where he became Professor-Gxtraordinaiy of Physics in 1828. In 
1831 he was called to Gottingen to succeed Mayer in the Cbair of 
PhyucB, and remained there till 1837. In that year the British 
Sovereign King William IV. died, and Queen Victoria being 
excluded from the throne of Hanover by the Salic Law, her uncle 
Ernest Augustus Duke of Cumberland became King of Hanover. 
This prince considered the narrow liberties then enjoyed by his 
subjects to be excessive, suspended the constitution, and thereby 
called forth vigoions protests from Weber and otiier Professors. 
As a pnniahment, seven of them, including Weber, were ejected from 
their Chairs. Weber was, however, in 1843 appointed Professor of 
Physics at Leipzig, and in 1849 he returned to his former position 
in Gdttingen. 

His first contribution to Science, published in conjunction with 
his brother Ernest, was "Die WellenUkre," which is regarded as a 
classical work. After writing various papers on acoustics, he 
published in 1833, in conjunction with his brother Edward 
Frederick, an investigation into the mechanism of walking. But 
his most memorable researches were in the departments of magnetism 
and electricity. These are contwned in the " Beobaehlungeii den 
Magnetiadien Vereim " and in hia " Elefdrodynaviische Maaghedim- 
mungen," published in 1864. In this series of papers he showed 
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liow methoda of absolute measure ment could be extended ioto tlie 
regioii of electricity. 

He died on the 23rd of June last 

I stated in my last addreae to the Society that 1 ventured ta 
express mj regret that we had so few literary papers presented to 
us. Only one followed upon this, and of that 1 have expressed my 
recognition. May I throw out a bint that in the city of David 
Hume, Dugald Stewart, Brown and Hamilton, it might not be 
unreasonable that we should look fot papers on subjects connected 
with philosophy in some of its various departments) I feel con- 
fident that such communications would be welcomed by the Boyal 
Society ; but whether they come or not, I express the confident 
hoi>e that the Session now opening may be as prosperous as those 
that have precluded it. 
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Note OD a Theonm rcgardiiis a Series of CoiiTer^nts 
to the Boots of a Number. B7 Thomaa Muir, LL.D. 

(Bead Jsnnlrj 4, 1SS2.) 

If the positive integral powers ot Jn-t-l be taken, and the 
expansion of each be separated into two parts, rotional and irrational, 
thus — 



(V»+i)' - 


v'« + 1, 


O+i)' - 


2V» + ("+li. 


(> + !)■ - 


(» + 3)^C+ (3»tl), 


O+D' - 


(iTi-H)^ * (i.>+6. + l), 


(V»+1)' . 


(»'+10«t6)^n + (5»« + 10» + l), 



then the ratio of the rational portion to the coefBcient of ^/n in tlie 
other portion is approximately equal to ^n, the convergence being 
perfect when the power of the binomial is infinite. This is tlio 
simplest case of a theorem discovered b; the late Sr Sang, and 
enunciated by him as the result of a process of induction In his 
paper " On the Extension of Brooncker's Method to the Comparison 
of several Magnitudes" {Proe. Roy. Soc. Edin., vol. xviii. p. 341, 
1890-91). 

It seems desirable to have some further investigation into this 
carioQS proposition, and to try if possible to bring it into relation- 
ship with the already known mode of obtaining convergents to 
,/n, or, failing this, to show tliat the two modes are perfectly 
independent. 

In the first place, a proof of the theorem is wanted. To obtain 
thb we most get a suitable expression for the r"' convergent, that 
b to say, for the rational portion and the coefficient of \'^in the 
irrational portion of the expansion ef (^n + 1 )'. Nov manifestly 

and in this when r ia odd the first fraction contains ^/n as a factor 
and the other is rational, while when r ia even the second fraction 
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contains the factor ^/n and tlie fiist is rational. Conseqoently 
if we write 

and 



(V" 


+1)" 


-*U' 


-1)"-' 






2V» 




o 


tl)- 


-o 


-D" 



2VS 

we have the desired expressiona for the uumeratoia and denominators 
of the (2«- I}*^ and Ss'" convergents ; and all that remains to be 
shown is that for «» so either convergeat is eqoal to Jn. Taking 
the (28- 1)"' convergent, viz., 

o+ir-^-o-fi)--' ^ o^i)--'+|>-i)*-' 

2 ' 2> ' 

we see that in order to prove that its limiting value is ^/n we have 
merely to show that 



/! 



(^/»+i)"'+(v»-ir 






which is evidently the case j and taking the Sa"* convergent we have 
to establish the equally simple result 



1 + 



'-iTTTlj 



where the agns preceding the vanishing portions of the nnmetators 
and denominators bring oat the fact that the convergents are altei^ 
nately less and greatei than ^, 
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The next point to settle is, whether the convergeota obtained in 
this DHtDDsr, viz., 



1' 



M 3n + l 
2 ' n+3' 






be not also obtainable id the ordinary way from some continued 
fractbn. To do this a quite different mode of oxpresaing the 
nnmerators and denominators of the convergents must be sought 
for. Utilising the facts that each denominator is the sum of the 
immediately preceding numerator and denominator, and that each 
numerator is the sum of the immediately preceding numerator and 
n tjmes the corresponding denominator, we readily see that the 
numerators are expressible in the form 



1 I 



1 ! 



» n n 1 I 

■1 1 « 1 

. .-11 



and the denominators in the form 



I 1 1 I 
-1 1 



111 
. -1 1 



-1 1 « 

. -1 1 

_ 1 



But, by subtracting the second row of each of these determinants 
from the first row, the third row from the second, and so on, each 
aeries is transformed into a series of etmlinuante, viz., the Grat series 
into 



<■!. 



f 1 



-1 I 



and the second into 



»+l 



-1 



-1 2 R-1 
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conaeqnentljr, a connection with continued fmctions la inevitable. 
For perfect agreement, howeveT, with the convergenta of a continued 
fraction, each continuant of the first series ought to be of a higher 
Older than the corresponding continuant of the second series, it 
being necessary, in fact, that the latter should be the first principal 
minor of the former. This remaining obstacle is readily ofercome 
on trial, the first series being farther transformable into 



1 » 



-^ I 



1 1 



-1 



1 1 



-1 



whence it follows that the continued fraction 



2 + 



n-1 
2 +.. 



fumishes exactly the same series of convei^nts as the new process. 
The fact that ^n is equal to this continued fraction is included in 
the already known theorem 



^ = 



2m 



2nt +- 



a particular case of which, viz., n— 18, m = 4 dates back to 1613, 
seven years before the birth of Erounker.* 

It may be noted in passing that in obtaining, as we have done, 
a pair of unlike expressions for A and for B in the identity 

(^^+l)'-AV;i + B, 
the equating of the members of each pair famishes us with the 
evaluation of two continuants; that is to say, we have 



■1 



-1 



_(s.u*\)'+i-\)'{^-\r 



* 8w Libri, BUI. da SeUnett Math, en Italic, iv. pp. S7-BS. 
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■1 2 rt-I 
. -1 2 



(>+ir'-t-(-in>-ir 

2ji 



In conclouoD, and in a line or two, it may be pointed out how 
the expressions for the coefficients coiresponding to A and B in the 
higher casM may be found. Taking the case of (;d +«*+!)', 
and denoting the rational integral functions which these coefficienta 
are of n by ^ ;^ ip, we have 

(Ml + »t+l)''-<^{n).wl + x(»)-»* + f(»); 

and if in this we write owl for «>, and multiply both sides by a, a 
being one of the prime cnbe roots of unity, there results 

also, by writing a*n* for «1, and multiplying both ddes by a\ we 
obtain 

How from these three by additton x(n) and i^n) are eliminated, and 
we determine 



Bimilatly 



^(n). 



(ni+ni + l)' + a{a^ + aiii + l)' + a\anl + ahii + \)' 





3»1 




(«l+«l + l)' 


♦ .'(.■nl + a^l + l) 


+ «(a»I + a8nl + l)' 




3nl 




(«l + nH-l)' 


+ (a%I + <inl+l)'+ 


(ml + ."»l + l)- 




3 
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A Preliminary Communioation on the Bleotrical BeedBt- 
aooe of Various Uriuea By Dawson Tamgr, M.D., 
F.E.C.P. Edin., M.B.C.P. LondoD. 

(Bead December 21, 1891.) 

ThB object of tliia enquiry was to aecertain and compare the 
electrical resistances of various kinds of urine, both in states of 
health and of disease. 

The measurements were made by means of a Wbeatetone'a bridge, 
with alternating currents, and a telephone according to Kohlraasch's 
method. 

The fluids were held in a U-shaped electrolysis tube (a drawing of 
which accompanies this paper), of an iDternal diameter of about 
1-55 cenliiuetres, and containing a delicate thermometer. Two disc 
shaped platinum electrodes, each with a diameter of 1*4 c'm., were 
arranged so as just to rest upon the surfaces of the urine, with a 
very thin film of the fluid upon their upper surfaces. 

The electrodes were connected to the bridge by stout copper wiresL 

An endeavour was made to m^ntain the temperature during the 
experiments at 65° Fahrenheit; and where this was not the case, 
a correction for temperature, from the result of some obaervations 
conducted for that purpose, has been made. 

The amount of urine used in each experiment was 21 c'c'b. 

I made an ordinary physical and chemical examination of each 
urine whose electrical resistance was tested, taking the specific 
gravity, reaction, colour, amount of urea, in curtain cases also of the 
chlorides, aud, if present, of sugar and of albumen. 

About three hundred experiments under these conditions have 
been made. 

With regard to the specific resistances, which together with the 
observed resistances are given in the Table, I found that the reaist- 
ance of a saturated solution of due sulphate amounted under the 
above conditions {i.e., those under which all the urines were tested) to 
125 ohma ; if we take, then, the specific resistauce of such a solu- 
tion to be 21-5 ohma as given in Luptou's tables, we find that the 
numerical ratio of the specific to the meaanied resietance is 21'5/125 



■ Google 



1891-92.] Dr D, Turner on Meetrieal Eesi^ance of Urines. 21 

— 17. The specific resistances of the variooa urines may therefore 
be approximately fonnd hj multiplying the observed resistances 
by -17. 

The specific resistance ot a normal urine amounts on the average, 
from inj observations, to about 40 ohms. 



Put very briefly, I find that the resistance of a urine varies as a 
rule inversely with the amount of the solids it holds in solution ; 
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when ite apedfic gisvity is bigb, and when it holds in Bolutioa much 
urea and eBpeciall; salts, its reBistance is low, and, wee versa, where 
the specific gravity ie low the resistance is high. 

To this geaenl rule — " that the resistance varies inversely with 
the specific gravity " — theie are certain exceptions, which can be 
arranged accordingly as they occur in acute or in chronic diaeaaea. 

Amongst the former, acnte croupous pnenmouia, amongst the 
latter diabetes mellitus, are the most notable. 

That the urine of a case of acnte croupous pneumonia should 
ofier a higher electrical resistance than would be predicated from its 
specific gravity is easily understood, when the great diminution of 
the chlorides ia the urine of a case of this disease is remembered ; 
but the increased resistance of a diabetic urine affords at first sight 
a questiou of »- more ictereating nature. 

The field of inquiry, if we include all diseases, being a very wide 
one, has been restricted in this paper mainly to the consideration of 
the resistances of the urines of people in apparent good health, and 
of those suffering from the more chronic diseases, excluding also 
local surgical affections of the urinary organs. 

Of all the diseases of this nature, the resistances of the urines of 
which I have been able to test, that of diabetes mellitus alone affords 
a tolerably constant exception to the rule already laid down. In 
this disease the specific gravity of the urine is high, and the elec- 
trical resistance offered by it is also high, and sometimes very 
high. 

According to various authorities (Professor V. Jakscb, page 256 ; 
MacMunn, pages 36 and 115, &c.), the urea and chlorides shew a 
greatly increased excretion in this disease : by this they must mean 
a total increase, and not one relative to the amount of water passed. 

Prom some experiments made by means of artificial solutions of 
urea, sodium chloride, sugar, &c., to ascertain the influence exercised 
by the various constituents of the urine upon the electrical resist- 
ance, it would appear that this ia almost wholly dependent upon the 
amount of the salts (electrolytes) present ; if these be absent, the 
resistance is determined mainly by the amount of the urea. 

A diabetic urine offers (so far as the experiments at present made 
go) no exception to this rule ; its increased resistance is dependent 
upon the diminished amount of the salts relative to the amount of 



■ Google . 



1891-92.] J)r J). Turner on Elecirical Sesiaianee of Urines. 23 

water, whOe the ep. gr. is raised by the sugar. Further tixperimeuts 
in these directions are, however, desirable. 

For all that, the reaiataace UBually dimisishes with the amount of 
sugar passed and the retura to a more normal couditioD, and may 
be utilised as a test of the patient's progress. 

What infloeuce, if any, other chrooic diseases, and what influence 
medicines and diet, may have in causing exceptions to the rule, 
" that the resietance varies inversely to the specific gravity," I am 
at present unable to say, for the results eo far obtained by me in 
them are not in safficieut accordance to permit of any conclusion 
being drown. 

I feel myself, however, in a position to state, that the healthier 
the condition of the kidneys, other thitigt being equal, the lower will 
be the electrical resistance of the urine, and vice versa, where the 
kidneys arc failing, the resistance will be increased. 

This would, a priori, have been expected, and is subject to the 
general rule laid down. 

Further, where in a urine of average or more than average specihc 
gravity the resistance is high, the presence of grape sugar may be 
suspected. 

I append, for purposes of comparison, a short table of the observed 
and specific resistances of some of the typical normal and diabetic 
urines examined by me ; and if permitted, I hope in a future com- 
munication to be able to consider the electrical, resistance, or its 
reciprocal, the conductivity, in other and more acnte diseases. 

In conclusion, I desire to express my great indebtedness to Dr J. 
0. Affleck, physician to the Koyal Infirmary, not only for many of 
the specimena of urine obtained from patients under his care, but 
also and particularly for the kind encouragement he has continually 
extended to me in prosecuting this inquiry. My grateful thanks are 
also doe to Dr Milne Murray for advice and assistance in arranging 
some of the electrical details. 
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Note on a Problem of Elimioation connected with 
GUssettea of an Ellipse or Hyperbola. By Thomas 
Muir, LL.D. 

(Bend Jannary 19, 1891.) 

The problem occurs in a paper of Professor Tail's (" Gliasettes of 
an Ellipse and of a Hyperbola," Proe. Roy. Soe. Edin., zvii. pp. 
2-4). An ellipse whose semi-azea are a and b is coneidered as 
moving so as always to be in contact with both axes of coordinates, 
and the glisaette in question is the curve traced oat during this 
motion by a point whose coordinates with respect to the axes of the 
ellipse are p and q. Professor Talt states, and it is readily seen, 
that if the current coordinates of the point be x and y, and 6 be the 
variable angle made by one of the axes of the ellipse with the axis 
of X, we hare the equations 



!B-V«^cos«fl + 6»ain*tf-i-pcoatf-ysin*\ 
y=V«'sin*tf + &*coa*tf +p8infl+gco8fiJ 
or 

{z-pl!a^$+qAn6)''-a?(M&^•¥b^B\n^ .... (1)1 
(y-p sin^-gcostff-a^ sin 2fl + 6s cos "tf .... \l)] 

and that to obtain the x-anA-y equation of the glissette it remains to 
eliminate B between these two equations. 

Before attempting the eliminatioa I first satisfied myself that the 
resultant must be, as affirmed by Professor Cayley, of the 8"" 
degree. 

From (1) and (2) by addition there is obtained 

2(9a; - py) sin fl = 2{pa; + yy) cos « + a" -pHi« -?«-«'-/ . (S), 
and, on squaring both sides of this, and putting for shortness' sake 

3? + ^f = 1^, 



■ Google 



26 J'wceeduigs of Eoyai Society of Edinhurgh. [sess. 

there results the quadratic ia cos ^ 

4(p* + 2V«M** + 4(A + B-r*)(px+5y)co3fl 

+ (A + B-r^f-4(2a;-i)yJ»-0 . . . . (a). 

AguQ, if in (1) aod (2) the tertna involving the first power of 
gin 6 be alone retained on the left-hand side, sin $ may be eliminated 
between Uie two equations by division, and thus a second quadratic 
in cos ^ obtained, viz., 

{(A-B + 2^)5a: + {B-A + 22»)K'}cos«ff 
+ {(A+B)pj-j)jra-2{p= + 2=>ey}coe(9 

+ {px^ + qxy^-A<]X-bpy]=Q 09). 

This, it may be noted, is the equation also arrived at by using (S) 
to eliminate sin0 from either (1) or (2). 

Writing now the equations (o) and ^3), for shortness' sake, in 
the forms 



LjCosStf+MjCostf+Nj-O' 
XiC0S*5+ /i^Msd 



+ V3-0J, 



where the suffixes indicate the degrees of the coefficients a; 
X and y, the resultant desired is known to be 

I - Lj Ma N^ 
■ \ hi "» 



I ^2'-a-K^, M3»,-,t,Nj I " ' 

This equation is seen to be of the lO"" degree, and the difficulty — 
not by any means a small one — has to be attacked of finding the 
eztraneouB quadratic factor. After many trials a fortunate observa- 
tion led to the discovery that the factor is 

(qz-py)^, 

and then a lengthy and inelegant transformation brought about its 
ejection and the final equation 
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n _ a* + 64 +p* + 2* - So^ft* - 2a V + 2aV + 2iy - 2;^3» + 2p2¥!, 

r = a* + 6*+;^ + g^- 20*6^ + 2oV - 20=?" - 2t«p* + 21^^ + 2pV. 

- (P* + 2=)' + 2(;^ - 3^(«' - i^ + (a" - &*)* . 
= (o^-t«+i^-?5) + (2p9)», 

* = 3o* + 36* + 3p* + V - 6a'^ + IO«V - lOaV - 10i«p' + 106«g* + 6j.*a^ , 

- 3(p2 + g»)s + 10(p* - 3»)(a' - 6*) + 3(a» - &*)«, 
=3r + 4(p»-2i'){a«-i«); and.-. * + a = 4T; 

- p V + jiV»s + 3p<g» + s W - 3<6* + 32*p* | . 

- (P« + 5^)^ - (p* - 3*K<i» - i^ - (a* - J')0)» - O + («* - J*)(o^ - 6') ; 

♦ = 3fl« + 36* + V + 33" - 3a*i» + 5aV - 5aV - 3^*a' - 66*P* + Bfi*?' 1 

+ 5p*a* - 5p*6> + 9pV - 59*a« + 55*P + V^i J , 
= 3(p« +g*)» + 5(p* - 3*)(a* - &0 + 5(a* - 6*)(p2 - 2') + 3{o' - i^>(a« - 6") , 
= 3e+8(p»-2!)(a«-6«V; 

X = 3a» + 36» + 3>' + 338 - 4oBpa .. 46«g« - 4p«a" - 42*1" + 1 2p«g« + 1 29«pi> j 
- Sp^a^s" - 42*a^" - 8g<tV I 



-,,. Google 



8 Proceedings of Boyal Society of Edivimrgh. [sb 

A - aH t* +p* + / + 2a«62 _ 2a^f + 2aV + 26V - 26V + ^ft > 
= (p« + ^f _ 2(ps - g»)(a! - i!) + (a" + i=)= , 
-0 + (2a6)3; 

- 6a*i* - 6aV - 6aV - 66*p' - 66*g< + 18;)^ | 
+ 4^*6^2 + 1 2aV^' + 4:6%V + 1 26*pY " 4p^aV 

- 8p<6*2« - 4y*6V - 85*0^ 

- 48a«6^ V ; 

A complicated reault like this, dependent upon lengthy calcula- 
tioDB, is more of a hindtauce than a help, unless it can bo perfectly 
relied upon. 

One test as to its acr.nracy is suggested by the constitution of 
the original equations (a) and (/3), which on examination will be 
seen to be symmetrical with respect to the interchange 



N'ow a glance at n, r, 4, 6, 4^, p, x, A, A, cr will be sufficient to 
show that they are all symmetrical with respect to the inter- 
change 



:}. 



and this being ascertained it is at once manifest that the resultant 
is, as it ought to be, symmetrical with respect to the same inter- 
change as the original equations. 

Next, there is the test of its agreement with the results otherwise 
obtainable for special cases, — a test which if satisfied is additionally 
inHtructive in that it makes evident the mode in which the degene- 
rate forms of the equations arise. 

Taking in the first place the case where p<~q~fi. We hare 

= (a»-6')= = r=.^*, x = 3(o*-^')*=^ 

and the equation becomes 
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i.e., a^ + y2 = a2 + i,2, 

as it sbould be. 

Secondly, for the case where the tracing point is a. focus of the 
ellipse, that is, where p' = a^ - i* and g=0, we find 

n=o, X=8^('»''-''V 

r = 4(a> - 6»)* - j*, A - 4aW, 

e = 0, <r = 2!.>; 

* = 16a>«-i2f, 
p-2a«, 
and the eqnatioo takes the fonn 

i.e., (:e* + yS)(a;V + 6*)-4aVy« ; 

which is readily seen to be correct, because the original equations 
then become 

2py8in#+ft'-j/S = o| 
and thus give 

("2^ J "^ V^f) " ^ ' 

U, a^-26« + 5+y>-262 + ^* = 4p* = 4«'-4fti', 

;;.., (;r> + y>)(l+^^,)-4a», 

Thirdly, there is the very interesting case where the tracing point 
is an extremity of an axis ; say, where p^O, q = b. In this case 
we find 

a = a*, p = a« + 26*, 

r-(a»-2i'*)'', ff = a», 

* = 3a* - 16a"6* + 16&*, x = 3u*, 
e-o«, A = a* + 4aSi", 

* = 3a» - 8atb» - 8a*t* + 10^8, 4 = Su^ - 4a«t= - 12aW ; 

and the equation takes at the outset the rather awkward form 

D,g,t7„lb,.GOOgIC 
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c^^ + 4:(a2 - ^Wf^ + 2(30* - 1 6a*6« + 1 m)^*]^ + 4(0^* - 26«)Vj/« + a*^* 

- 40^ - 4(30" - 8a*J* - So^M + left*):^*!/' ~ 4(3fl» - Sa^fe^ - ^^¥ + lefiB^B^y* - io*, 
+ 6fflV + 4(3a8 _ 4a'>6» - 1 So'J^jat^y^ + 6o V 

- iflittes - 4aiV 

A soBpicioQ attaches to the coefficient of xVi which, judging from 
the f oimB of the other coefficients, we should consider to be incomct 
in not having a term in a^i^. I^is suspicion is intensified on pro- 
ceeding with the simplification of the equation. In the first line we 
observe thut the terms of the expansion of a^{^-¥y'^^ occur, and 
following ap this observation we transform the equation into 

a»(x« + jf*)* + 1662(6" - a Vy^ + 32e^(t« - a>V + 16ff'(6' - a*)xV 
- 4a<'(*> + y^f + 3 2 62(a» + aW - W)3*y^ + 32i'!(a' + a'i" ~ 26*)a:ay* 
+ U\^ + y^f - 1 6a«62(a* + 3a2J*)a%2 
-4a"{a^ + y') 
+ a"-0. 

But the sum of the first terms of all the lines here is evidently 
a*(^-\-y'^ - a^)*, consequently we make the further transforEoation 
a\^ + y* - o?f + 1 U^q? - a^)^y\^ + y=)" 

+ 326"{o'' + 26=)(a» - }?)7?>j\x^ + y^) 

- 1 6ai'J"{a* + ZaWy^y^ ~ . 

Now, were it not for the absence of the term above referred to, a 
most important simplification could have been effected. This ia 
best seen by actually supplying such a term, viz., - 46* in the 
bracketed portion of the coefficient of x^y^. We then obtain 

a*{!(^+y>-a»)*-166S(a«-6Vy7 (^'+yT \ 

- 2(o3 + 2i')(a^ + f)\ = 64a^6««2y' ; 

and since the quadratic expression here ma^ + y^ resolvea into two 
factors {a^ + y')-a' and (x? + y^) ~ {a^ + il^), the former factor, 
sr?+y^ — a.\ becomes a factor of the whole of the left-hand side, and 
would with a more complete-looking coefiicient of a?y\ have disap- 
peared altogether and left for this particular case of the glissette an 
equation of the 6*" degree. As a metier of fact the equation takes 
the form 
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f I •(^ + yS - a")* - 1 6 J»(a« - i=)z V V + yS - £(*)(«» + y« - a» - 46*) - 64a»6«a:«y* 
The question therefore is whether a separate investigation of the 
equation for the case p — 0, q^h would confirm or remove the 
soepicioD raised in ragard to the coefficient of x^y*. When p = {i 
and 3 = A the original equations become 

x^-2bxaine = a^zf»^6 \ 

y*-26ycoBe = o»8in2eJ 

From these we can derive two simple equations in sind, cos 9, 
viz. : 

2hx6ai6-2bycas6= -PI 
(o%P-46i'ay*)8infl + (o''yP-4&Vj/)co8fl-0 ] 

where P stands for ^* + y* - a*. Solving for sin tf, cos we ohtain 

i P(tt'P-46 V) Y ( Pi4^^j-ai?) )»_ 

which readily leads to 

a«PV - 16a»6'j^y»P*(P + a*) + 16i*PVyM - - 64a«6Vy'P;* + 64J«a?yV, 

so that^ on striking out the factor a^+y', we have the equation in 
the form 

a<P*-16;^j^y"(a'-i^P«= - 64i»jJy*{a;iP-J»(P + <i*)}, 

- -64Mry(a»-t*)P+64o'Mry. 
or 

a*P* - 166»««y«(a» - 6^P{P - 46«) = Gia'b^p* ; 

and this agrees to the letter with the anapected result obtained by 
spedaUring from the general equation. 

There thas, I think, can be little doubt that the calculation of 
the coefficients in the general equation has been accurately per- 
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On the Foundationa of the Kinetio Theory of Oases. 
V. By Professor Tait. 

(^Ab^raet.) 

(Re&d Janiurj 18 and Februar; 16, 1892.) 

The firet instalment of this put of my paper deals mainly with 
the theory of the behaviour of mixtures of CO^ and N, for which 
some remarkable experimental results were given by Andrews about 
1874. His full paper, so far as he had drawn it up for press, was 
published posthumously in the Phil. Tratit. for 1886, and is re- 
printed in his Scientific Papers, No. L. One special reason for the 
introduction of this qaestiou at the present stage of my work was 
the desire to attempt a correction of Amagat's numbers, for the 
(very small) admixture of air with his COj. The virial equation 
for a mixture is formed on the same general principle as that I 
employed for a single gas. There are, of course, more undetermined 
constants : — and, unfortunately, the data for their determination are 
barely adequate. The general results, however, agree in character 
with those described by Andrews : — the particular phenomenon 
which is moat closely studied being the increase of volume, at con- 
stant pressure, when the gases (originally separated by the liquefao- 
tion of one) were allowed to diffuse into one another. 

Since Part lY. of this paper was printed, M. Amagat has pub- 
lished (Comptet Pendvt, October 12, 1891) additional data of a 
most viUuable character bearing on the isothermals of COg : — 
especially the veiy important isothermal of 32° C. ; and he has 
given the pressure of the saturated vapour at 0°, 10°, 30°, and 
30° C. I have endeavoured to utilize these, as far as possible, not 
only for my present main object : — the examination of the relation 
between temperature and kinetic energy: — bat also, incidentally, 
for the determination of the latent heat of the saturated vap>our 
at various temperatures, and the relative densities of the liquid 
and vapour when in equilibrium. These data have also enabled 
me to obttun more exact approximations to the values of the 
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eonstantB in my formula, sad thence to improve my determinations 
of the critical temperature, preasiire, and volume. 

In § 71 of Fart IV. I arrived at the conclusion that "in a 
liquid the temperature is no longer measured hy E [the part of 
the kinetic energy which is independent of the molecular forces], 
bat hy E+e, where e ia a quantity whose value incieaaes steadily, 
as the temperature is lowered, from the value zero at the critical 
point" For numerical data to test this conclusion, I study a cycle 
formed from the critical isothermal and any lower one, and two 
lines of equal volume, corresponding to those of the liquid and the 
saturated vapour when in equilibrium at that lower temperature. 
The change of energy in passing from one of these limits of volume 
to the other b found to be less foe the critical isothermal than for 
any lower one. Thus the mean specific heat at constant volume, 
for the lange of temperature employed, is leas in the vapour than in 
the liquid. But from the equation, which is found to satisfy very 
closely the data for the isothermals of the gas for some 70 degrees 
above the critical point and of the vapour for 30 degrees below 
that point, it appears that the specific heat at constant volume ia 
sensibly constant within these limits. [At 100° C and upwards, 
it appears that ^ falls oB; so that -~ is negative, and the specific 

heat at constant volume is therefore, even in the gas, greater for 
smaller volumes. But this does not seriously affect the above 
statement,] Hence, at any volume leas than the critical volume, 
more heat is required to raise the temperature 1 degree when the 
substance is wholly liquid than when it ia gaaeoua. This complet«ly 
jastifies the statement quoted above, provided that we assume the 
properties of the liquid and gas to merge continuously into one 
another at the critical temperature; but, unfortunately, the data are 
not aulhcient to give more than very rough estimates of the value 
of the quantity e there spoken of. 

I am at present engaged in endeavouring to obtain more exact 
values of the constants in my equation, in order to improve my 
estimates. Thus the numbers which follow may have to undergo 
some modifications, but there seems to be no reason for thinking 
that these are likely to be serious. 

If v,, Vj be the respective volumes of the saturated vapour, and 
vou XIX. 17/3/82. ' c 
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of the liquid, at absolute temporature t, we know that the latent 
hoat is expressed by the fora)ula — 

From Amagat's data I find fur the values of this quantity, and 

fur the ratio of the densities of the liquid and vapour : — 

Temperature C. A vjv.^ 

0° 4-369 9023 

10 3-788 6-200 

20 3-882 3-823 

30 1-460 1-906 

Taking the density of CO^ at 0° C. and 1 atm. as 0002, it 
In easy to see that the values of X must be multiplied by 

500 2117 
62 S' 1390' 

to reduce theiu to ordinary heat units. Thus the latent heat at 
0° (;. is about 53, while at 30° C. it is only I7-». 

In the following table 1' represents the gain of energy from the 
liquid state to that of saturated vapour, at the indicated tempera- 
ture : — i.(., 



('|-->" 



is the corresponding gain of energy, in the critical isothermal, 



between the same limits 


of volume 






Temperature C 




P 


<J 


0* 




3-747 


3-677 


10 




3-214 


3-113 


20 




3'4S9 


2-409 


30. 




1-233 


1-203 
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The difference, P-Qi is (when multiplied, as above by 12-2) 
nearly oqual to the excess of the heat required to raise the tem- 
perature of the liquid (at cooBtant volume) to the critical point, 
over that required to raise the temperature of the vapour, from 
saturation, through the name range, the volume remaining nn- 
alt«Ted. 

It appears that COj, when passing through the range of volume, 
epoken of in § 69 of Part IV. of my paper, has about half the 
density of water. 
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Tbd Lesser Rorqual {Balanoptera rostrata) in the Soottiah 
Ssae, with Obeerrations on its Anatomy. By Professor 
Sir Wm. Tumor, LL.D., D.C.L., F.E.S. 

(Read Febraar; IS, IS02.) 

It is outside the scope of the present paper to enter into the 
geographical distribution generally of the Lesser Borqnal or Tike 
Whale {Baieenopttra rogtrata), and indeed there is no reason why I 
should do so, as it has so recently been considered by Professor Van 
Beneden, in hie Uiatoire naturelle dee Balinopteree. * For a number 
of years it has been my custom to collect information regarding the 
Cetacea captured or stranded on the Scottish coasts, and when 
possible to obtain the animals or their skeletons. I have accamn- 
lated, therefore, a considerable body of information regarding the 
whales frequenting the Scottish seas, some of which I have already 
published. In the present communication it is my intention to 
record some facts regarding Balwruiplera rostraia, and I may say 
that when a newspaper paragraph relates the capture of a whale- 
bone whale, and, when measurements are given, if the length is under 
30 feet, the animal is most probably the Lesser Rorqual 

It is difficult to fix with precision the first notice of the capture 
of this animal on the Scottish coast, as it is only within the last 
thirty or forty years that the different species of Balcenoptrra have 
been properly discriminated from each other. The two whalebone 
whales described by Sir Robert Sibbald in his classical treatise 
Phaiainologia uova,i were much too long to be of this species. The 
one caught near Abercorn in September 1692 was 78 feet long. 
In my memoir on the Longnlddry whale, 1 1 identified it audSibbald's 
specimen as in all probability the same species, i.e., Bai^snopfera 
eibhaldii. The other whale, caught at Burntisland in 1690, was 
46 feet long, and from its sharp beak was probably an immature 
specimen of Balanoptera musculus. For a similar reason the 
whale, 46 feet long, which Dr Johu Walker described as stranded 

* BruBsela, 1887. + Ediaburgh, 1692. 

J Tram. Soy. Soe. Siin., 1870, vol. ixvi. 
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at Burntisland in June 1761, and that whicb Mr Patrick Neill 
aaw stranded at Alloa in 1808,* which was 43 feet long, were also 
in all likelihood immature examples of B. mnncrttus. 

I>r Scoresby, in his famous work On the Arctic Begiotis,i 
described a whalebone whale 17^ feet long, killed in Scalpa Bay, 
Orkney, in Kovember 1808, which there can be little doubt was 
Baltenoptera roatrata. A Finner whale 14 fe«t long, caught in the 
stake-nets near Largo, Firth of FoTth,| in May 1832, was in all 
probability another example. But the specimen which one can cite 
as the first definitely determined Scottish example was a young 
female captured in February 1834 in the stake-neta at Queensferr}-. 
It was 9 ft 11 inches long, and was anatomised by Dr Knox and 
Mr Frederick Knox.g When their museum was dispersed, the 
skeleton was procured for the Anatomical Museum of the University 
of Edinburgh. Dr Knox referred the animal to the species roitrata 
of Fabricius, though, in the printed catalogue of hia museum, it is 
named Baltma minimus horeaHs. This specimen was contrasted 
by Knox with the Great Horqual, taken at North Berwick in 1831, 
also io his collection, which was called by Knox Bai<ena maxima 
borealis, and the skeleton of which is now suspended in the Museum 
of Science and Art, Edinburgh. A number of years ago I identified 
this skeleton, which it had been cnfltomary to regard as Baltenoptera 
mtuculus, as B. sibhaldii. From the difference in the number of 
ribs and dorsal Tertebree in the Lesser as compared with the Greater 
Rorqual, Knox showed conclusively that the former could not 
possibly be the young of the latter, but must be a distinct species. 
In September 1857, a male, 14 ft. 5 inches long, was found near 
the Bell Kock and taken into Leith. Its characters were described 
by Dr James M'Bain.|[ Mr £. R. Alston refers (Scottish 
Mammalia, p. 18) to one caught in 1858 in the Firth of Forth. 

• MemoiTSof WenurianSoe., vol. i. p. 201. 

t VoL i. p. 485, BUiuburgh, 1820. Sooresby figured this specimen from ft 
drawing by Jas. Wstaon, Esq., in the possesaiou of Dr TrsiU. 

J Edinburgh Advertiser, M«y 22, 1832. LouiIod's Magaane of NaliinU 
HiaUrry, vol, v. p. 670, 1832. 

g For referenees to this specimen, see Jardine's Naltiralisl'i Library, volume 
on Whales, plate vil; F. 'S.aox ia Tram. New Zcdlawi hi»t.,y<A. 2, plateSoi 
Knoi's Calalogtie of Anatomieal Preparation! of WhaU; R. Knoi in Proc. 
Linn. Sot., Oct. 1867, and Jmmal I'liuititvi, 1834. 

II Froc. Boy. Fhyi. Sof., 1858, vol. i. 
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In 18GG, a large specimen of Balcetwptera rostrafa was cast ashore 
on the ialaud of lalay, the skull and scapula of widch are in 
the TlDiversity Museam, Cambridge.* In July 1870, a yoaag 
female, 14^ feet long, was stianded alire at Aberdeen, and waa 
dissected by Professor Stratheis. The skeleton and varions soft 
parts were preserved. Dr Struthers also records another female, 
16 feet long, captured at Bervie in April 1877.1 

In 1870, I received through Dr Millen Coughtrey, at that time 
one of my pupils, the two halves of the mandible of a B. rostrala, 
which bad been stranded a short tirae previously at Hillswick, 
Shetland. In October 1872, a male Bakmoptera, said to be about 
25 feet long, was harpooned at Stomoway by Mr Mackenzie^ 
manager to Mr Methnen'a fish-curing establishment I am indebted 
to Mr Metbuen for the baleen wreath of one side of the palat«, 
the blades of which were yellowish white, and were fringed with 
whitish hairs. The blades in the middle of the wreath averaged 
about 8 inches in length, and about 2J inches in width at the baae. 
The length of the entire wreath was 3 feet 2 inches, and 31 1 
transverse rows of plates were counted in it. The animal was a 
specimen of Balanaptera roatrata. The blubber was said to be 
very thin, ranging from IJ to 3 inches. In 14'ovember 1879, h 
fisherman at Stiomnees, Orkney, telegraphed to me that a specimen 
of " Borqualus rostra tus," 16 feet long, had just been caught there. 

Between the years 1870 and 1888 several specinieos of £. rodrata 
were captured in the Firth of Forth, portions of each of which I 
secured for the Anatomical Museum of the University. In September 
1870, a female, 18 feet long, was stranded at Sea Mills, a little to 
the west of Burntisland, and the skull and baleen were presented to 
the Museum by Mr George Prentice of Newbigging. I was able to 
inject the vessels of the baleen papilhe in this animal, and I gave an 
account of my observations in my memoir on the Longniddry whale. £ 
In September 1871, a specimen, said to be about 30 feet long, and 

• Mr W. Evans, Ftoc Jirty. Phy>. Six.,Seat,\o:i 1890-Sl, vol. xi, p. 169, 
refers to a »pecimeD described iu the ScattUh Naturalat in July 186S, by Mr 
Robert Walker, as straaded near Arbroath: it was 13 feet long. 

t See Ilia Memoir on the Anatomy of Megaptera Imgimana, Edinburgh, 
18S9, and in Jour, of Anal, mid Phys., vol. ixii., 1888. I am indebted to 
Dt Struthers for $, note on tbe Borvie specimen. 

J Trans. Soy. Soc Sdia., vol. rivj. p. 21fl. 
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believed to be a male, was stranded amongst the rocks opposite the 
Old Harbour, Dnnbor. I secured the sknll, the sternnm, the hyoid 
apparatus, the cervical and some otber vertebne, and a first rib, for 
the Museum, together with some of the baleen plates. The skeleton 
W&s fully ossified, for the epiphysial plates were fused with the 
▼ertebral bodies. The skull Lb oue of the largest examples of this 
apeciea in any museum ; and when Professor van Beueden saw it some 
yean ago, he thought at first, from its magnitude, that it was B. 
mwectdtie, but when I showed him the baleen plates, be agreed with 
me that it was B. rostrata.* The largest plates in my possession 
are 8} inches long and 3 inches wide at the base ; they have the 
distinctive yeUowish-white colour. In April 1872, a young female, 
15| feet long, was captured in the salmon-nets near Anstrather. 
It was towed into the harbour, and was obtained by the late Dr 
Woodcock, who presented me with a few blades of the yellowish- 
white baleen, which are 3} inches long by 1^ in width at the base. 
The skull is now in the Museum of Science and Ait, Edinburgh. 
In July 1879, a young male, 18 feet lon^ was stranded at Elie, and 
the sknll and some other bones were acquired for the Uuiversity 
Museum. In October 1888 a very young specimen, the sex of 
which was not ascertained, was stranded at Alloa, and the skull, 
with some of the cervical vertebne, was purchased for the Museum. 
Each half of the baleen wreath is 2 feet i^ incbea long, the largest 
plates are 5^ by 1^ inches, and the colour is yellowish- white ; 274 
rows of plates were counted in one half, and 270 in the other. 

Granton Specimen. — In January 1888 a female B. rostrata was 
seen floundering in the ehallowa at the entrance to the disused stone 
qnany at Granton. A boat was launched, ropes were attached to the 
animal, and after a severe struggle it was hauled ashore. I visited 
it, aa it lay on the beach, along with Mr John Murray, LL.D., a few 
hours after its capture. Through the courtesy of Mi John Howkins, 
C.E., a steam tug was obtained, and the whale was towed to 
Granton Harbour, put ou a railway truck, and conveyed to the 
Marine Station, where it remained on exhibition for some time. I 
had an opportunity, therefore, of examming the external characters 
of a full-grown and perfectly fresh specimen of BalstnopUra 

a as "nne t4t« de gtaude 
). 12, Bnuwls, 1SS7. 
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roriraia, and of making a nnmber of measurements under more 
favourable conditions than often falls to the lot of tbe cetologist. 
I propoBe, therefore, to give an account of the appearance nf this 
animal. One of my pupils, Mr Edmund Frost, who is an accom- 
plished photographer, took under my direction several negatives. 
Mr Murray has most liberally presented the skeleton to the 
Anatomical Unaeum and through the courtesy of Mr Robert 
Irvine, F.R.S.E., I was enabled to have the skeleton cleaned by 
having it burled for four years in a sand-bcsp at the Orsnton Oil 
Works. 

General Form. — The bead was flattened on the dorsum, and 
tapered forwards on each side to a pointed beak. The two blow- 
holes were situated on the dorsum a little anterior to the eyes and 
the angle of the mouth. They were separated from each other by 
a mesial depressed septum, 11 inches long, which bifurcated in its 
posterior half. Immediately in front of the blow-holes, a low mesial 
ridge, triangular in shape, and with the base behind, ext«nded 
forward, and gradually subsided near the tip of the beak. This 
ridge was not due to a subjacent ridge of bone, but was formed of 
fat and coarse Gbrous tissue, covered by integument ; at its base it 
was 5 inches thick in the mesial plane, but in the lateral slope it 
diminished to I^ inch in thickness. 

The eye was placed immediately above the angle of the mouth, 
and occiipied a definite slit in the integument. An inch and a half 
above the eye-slit was an antero-posterior depression in the integu- 
ment, 6 inches long, half an inch in depth at its middle, and 
tapering at its two ends. A similar but shallower depression, 4^ 
inches long, was situated \\ inch below the eye-slit. ITie external 
meatus of the ear was a minute opening almost in a direct line with 
the eye-slit, and 15 inches behind it. 

From the dorsum of the head the middle line of the hack 
gradaally sloped upwards and backwards until the highest point of 
the curve of the hack was reached, about midway in the length of 
the animal. The deeply falcate dorsal fin was situated on the curve 
of the bock as it sloped downwards and backwards to the taiL 
The general form of the body behind the flipper was convex at the 
sides, and the greatest girth was at a point about 3 feet behind the 
axilla. The body then tapered backwards, and in the plane of the 
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dorsal fia it became laterally compressed. Behind this fin the sides 
of the body vere still more flattened, and it was " keeled" both in 
the dorsal and ventral mesial lines. The anteio-postartor diameter 
of the base of the dorsal fin was 19 inches, and its vertical diameter 
in a straight line was 12 inches. The girth at the root of the tail 
was only 2 feet 10 inches. The tail it«elf possessed two large lateral 
lobes, separated at the poeterior border by a mesial notch 9 j inches 
deep. 

The flipper projected backwards and outwards from the side of 
the body, in a line with the angle of the mouth, and some distance 
behind ii Its anterior or radial border had a continuous convex 
cnrre from the shonlder-joint to the tip. The posterior border 
formed a convex curve from the axilla backwards, which reached iU 
greatest projection about half-way to the tip, where the flipper had 
the greatest breadth. Some inches from the tip the posterior border 
was concave. The tip was attenuated. The dorsal surface was a 
little convex, the under surface was a little concave and some of the 
flutings of the beUy reached it. 

The ventral surface, as is characteristic of the Rorquals, was 
fluted from the i^on of the lower jaw backwards nearly to the 
nmbilicus. The highest furrow was on a level with the angle of the 
month, and passed directly backwards for only 10 inches. Below 
it the furrows gradually increased in length, and extended both 
farther forwards in relation to the side of the lower jaw, and back- 
wards below the root of the flipper to the belly. Those which 
were nearest the ventral mesial line reached as far forwards as the 
symphysis menti. The furrow which extended furthest back was 
the twentieth in order below the articulation of the flipper, but 
it was not the lowest, for five furrows, gradually diminisbiDg in 
their extent backwards, intervened between it and the ventral mesial 
line. The average breadth of the ridges between the furrows 
immediately below the angle of the mouth was about 1 inch, but 
further back some were as wide as 3 inches ; below the lower jaw 
they averaged 1^ inch in width. 

Seventeen inches behind the end of the twentieth furrow, but in 
the middle line of the belly, was the nmbUical depression, 8 inches 
long ; and 3 feet further back was the genital furrow, in the binder 
part of which the orifice of the vagina was seen. The anal orifice 
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was 10 incbeB behind the vagina. Two inches on each side of the 
vagina was the mammary furrow, from which the end of the nipple 
projected ; about 2 inches external to this furrow was an antero- 
posterior accessory furrow in the akin about 8 inches long. The 
distance from the anal orifice tu the mesial notch in the tail was 
7 feet 2 inches. 

MouHi and Baleen. — The baleen wreath projected downwards 
from the palatal mucous membrane to the dorsum of the tongue. 
Each half of the wreath consisted of rows of plates and bristles 
arranged transversely. In one half 287 rows were counted, in 
the other, 290. The outermost segment of each row was the large 
baleen plate ; the innermost was little more than a thick bristle. 
Between these two segments short, narrow plates were situated. 
At each end of the wreath the plates were also short, and so 
reduced in size as to bs only thick bristles. In the middle of the 
wreath the plates of the outermost segment of each row were the 
largest, and measured 8| inches long by 3 inches in breadth at the 
base. Each of these plates was triangular, the base being attached 
to the palatal mucous membrane, the inner edge being fringed with 
bristles, and directed from above obliquely downwards and outwards; 
the outer edge being vertical, and with very few bristles projecting 
from it. The length of each half of the wreath was 3 feet llj 
inches. The plates were all yellowish white, and the brietles project- 
ing from them were similar in colour. The collective series of plates 
and bristles in each wreath formed an inclined plane sloping from 
the roof of the mouth downwards and outwards, so that objects 
taken into the mouth would be collected in the interval between 
the opposite halves of the wreath, and be entangled by the bristles, 
whilst the water would filter outwards in the intervals between the 
rows of plates. Each half of the baleen wreath was curved, and 
at the anterior ends the short plates and bristles of the wreaths of 
opposite sides came close together immediately below the point 
of the beak, whilst posteriorly they began to curve inwards 
almost opposite the angle of the mouth, so as to be only a short 
distance asunder immediately above the passage into the pharynx. 
Nearer the middle of the roof of the mouth they were separated 
by a wide interval, which narrowed as it waa traced forwards 
and backwards ; and in it the mucous membrane covering the 
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bard palate was seen, with tlie strong mesial longitudinal keel 
marking the site of the vomer and inner borders of the two 
superior maxillie. In the interral between the posterior enda of the 
two halves of the baleen wreath, the mucous membrane showed rows 
of shallow ridges and furrows, which convet^ed to the opening into 
the pharynx. 

The two halves of the lower jaw came to a point at the symphysis, 
and they enclosed within their curvature the massive tongua This 



fid. S.^Tbe root of the tongue ■ad a larfp part al the root o( the mouth. 
Th» convergence of the posterior endii of the baleen wreaths in front of the 
bucco-pharynKeal openiug is sliowti. 

OTgim occupied the floor of the mouth, and was sunk below the 
level of the lower jaw, whilst the fluted integument below it 
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bnlged both, lateiatly and iaferiorty , so as to give an almost poach- 
like charEicter to the 'infra-oral re^^on. The tongue itself was 
covered by a coarse, rugose mucous membrane. The ridges and 
farrows partly ran in a longitudinal direction and partly in curves 
from the siiles towards the middle of the upper surface, llie 
angle of the mouth was smooth and ronnded where the integument 
tuned in to become continuous with the oral mucous membiane. 
The ioner auriace of the lower jaw sloped downwards and inwards 
to the side of the tongue, so that the upper jaw with its baleen 
wreath could fit within the curvature of the mandible. No hairs 
were seen projecting from the integument covering either the upper 
or lower jaws. 

The soft palate, as had been previously noticed by Drs Carte and 
Macalister* in this species, and as I had also shown in B. sibbaidii, 
had no uvula. A little behind and below tlie posterior end of the 
baleen wreath was the bucco-pharyngeal opening down which the 
closed hand with the forearm could without much dif&culty he 
forced, for, as is the case with mucous canals when empty, the 
walla had fallen together when the tube was not transmitting an 
object When the passage was opened up by the introduction of 
the fist, the opening into the mouth was seen to be circular. My 
assistant, Mr James Simpson, extracted from the gullet some 
stones, the largest of which was flattened, and measured 5 by 3J 
inches in diameter. They were impacted some distance down, 
and on making inquiries I learned that as the whale was floundering 
in the shallows, stones had been thrown at it, some of which had 
entered the mouth and been partially swallowed. "Tiie curving 
inwards of the two halves of the baleen wreath at tb^r posterior 
ends would have the efl'ect of directing the food and other objects 
collected between them towards and into the buccopharyngeal 
opening. 

It will have been eeeu from the statements as to the rows of 
plates counted in the baleen wreaths in the different examples 
which I have referred to in this paper, that the number is not 
uniform in this species. The maximum was reached in the wreaths 
belonging to the specimens taken at Stomoway and Granton, whilst 
the young animal caught at Alloa had the smallest number. 
'"FhU. Trans,, 1837. 
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Colour. — The iDtegmnent of the dorsum of the head, of the back 
of the body, of the dorsal fin, of the dorsum of the tail, of the side 
of tlie bodj for about half-way down, and the integument covering 
the npper and enter suifoce of the lower jaw, and that of the under 
surface of the flipper, possessed a rich, shining black lustre ; but a 
thin greyish band passed for several icchea hoTizontally backwards 
behind the blow-holea. The akia of the ridges and furrows below 
the month, that of the sides of the body below the level of the 
flippers, and the conespondiug part of the ventral surface, was 
white. Inunediately behind the furrows the white tint of the 
belly was blood-stained. As one passed backwards blackish spots 
were interspersed amidst the white surface, so that it assumed a 
slaty grey colour, which was also distinctly seen on the under 
enrface and sides behind the plane of the dorsal fin. The skin of 
the flipper was a rich black on the antero-euperior surface in its. 
posterior half, but nearer its junction with the side of the body it 
was crossed obliquely by a broad white patch, which is one of the 
most characteristic cobur-markings of the species. One of my 
pupils, Mr Robert Gray, who hag had great practical experience in the 
whale fishing, told me that the white patch on the front of the 
flipper enabled the whaling seamen readily to recognise this cetacean 
when swimming at the surface. The presence of this white patch 
on the otherwise black surface of the flipper was figured by John 
Hnnt«r,* and was described by LacepMef in the BaUinoptire mitseau 
pointu, which we now know as Baleenoptera roslrala. E^hricht 
has figured it,t but in his specimen it occupied a relatively larger 
part of the surface than in the Granton specimen, in which animal 
also it was partly iuteiapetsed with black patches. Messrs Carte 
and Macalister refer to it aa a pinkish-white band in their 
specimen. 

The following are some of the most important measurements of 
the Granton specimen : — 

• Phii. Trmu., vol. Ixxvii p. 48. 

t ffiiL IfaL da Citaden, p. 140, I'bu lii. de la Bepublique. 

i Die NordUOten IFatUhieri, tab. viii., 1649. 
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Table I. 

Extreme length in atiatglit line, 
Tip of beak to anterior border of doraal fin, 
Foaterior border of dorsal fin to notcH of tail, 
Base of dorsal fin. 
Angle of month to tip of lower jav, 
„ „ „ npperjaw, 

Tip of npper jaw to blow-hole, 
Greatest breadth across mouth, 
Axilla to tip of flipper (straight line), 
Anterior border of flippei along cnrve, 
Greatest breadth of flipper, . 
Antero-post. diameter of tail. 
Breadth of tail in straight line, 

„ „ along posterior border, 



Abdommal VUeera. — As the accounts which hare been given by 
previoQS writers of the Stomach in Balamoptera rodrata vary 
matenallf from each other, I took the opportunity of secnring 
the stomach of the Granton specimen and of submitting it to 
anatomical examination. 

The stomach, along with 14 inches of the cesoph&gns and tbe 
commencement of the dnodeoum, was careftdly removed. After 
removal they were inflated, and the exterior of the organ examined. 
Its extreme transverse diameter in a straight line was 5 feet 9 inches, 
and its extreme antero-posterior diameter, also in a straight line, waa 
4 feet 2 inches. It was a compound stomach, and an examination 
was made of the number and nature of the compartments. 

The 1st compartment was directed obliquely backwards and to 
the left) and tapered behind so as to terminate in a narrow, rounded, 
blind end, in relation to which the spleen was situated. It 
measured 38 inches from the place where the cesophagus joined 
it to the splenic end, its greatest transverse diameter about the 
middle of the ventral surface was 3 feet 3 inches, and its 
circumference was 6 feet 6 inches. The cesophagus was con- 
tinnous with its anterior surface, and it was observed that at the 
place of junction the gullet was constricted in comparison with its 
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calibre a few inches before it joined the stomacb. Tliia compart- 
ment waa separated from the 2nd compartment by a deep constric- 
tion visible on the ventral and dorsal sarfaces of the stomach, 
but scarcely marked on the anterior or cesoph^eal aspect. 
When cat into, the cesophsfjns was seen to open into the let 
compartment about S inches to the left of the large opening of 
communication between the 1st and 2nd compartments. The 
wall of the let compartment had a mascolar coat, the foscicnli 
of which, distinctly marked, ran for the most part transversely 
around the wall. The mucous membrane lining this compartment 
waa relatively smooth as compared with that lining the 2nd com- 
|>artmeDt, and the epithelium corering its free surface could be 
stripped o& as a relatively thick and homy layer continaoua with the 
homy epithelium which covered the rugose mucous membrane of the 
(esophagus. When examined microecopically, it was seen to reaemble 
the (esophageal epithelium, and to consist of stratified squamous 
ceUs. 

A strong septum separated the let and 2nd compartments, 
the anterior free edge of which was crescentic, and left a large 
opening, about I foot in diameter, between the two compart- 
ments. The boundary of this opening, opposite the crescentic edge 
of the septum, was formed by the anterior wall of the stomach about 
5 inches io the right of the orifice of the cesopbagus, and at this 
boundary the mncona linings of the two compartments, which 
differed greatly in their appearance, became continuous with each 
other. From the eize of this opening I believe that it is usually 
potent, and that the food can paaa from the 1st into the Snd 
compartment, or regurgitate from the 2ad into the let 

The 2nd compartment, somewhat cylindrifonn in shape, waa 
placed immediately to the right of the 1st. It passed antero- 
posteriorly and almost parallel to it for 3 feet 4 inches, and then 
bent to the right for an additional 2 feet 4 inches ; where the bend 
took place, a constriction on the surface was seen. Before the com- 
partment was opened into, one could see through the wall that the 
mucous lining waa elevated into reticulated folds, a character 
which was of course much more distinctly recognised when a 
window was made in the wall Some of the folds of the network 
were relatively thick and strong, and the intervals between them 
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were occupied by a iiner meahwork of folds. Projecting into the 
compaFtment from the wall, where a constriction on the exterior 
marked the change in the direction of thU compartment, was a 
broad fold, the free edge of which waa crescentic. I am not dis- 
posed to regard it as a eeptum dividing this compartment into two, 
but only as a fold corresponding with the change of direction in the 
compartment, for the mucous lining had a similar reticulated 



Fio. 4. — Stomach of £. rosir(Ua, ftma a peH'and-iiik drawing by H. O. Melville, M.R 
Ob, (Eeophogna; D, duodenam; S, spleeD; 1-5, compartmenta of stomach. 

character on both aspects of the fuld, and the aperture of com- 
munication between the two ports of this compartment was about 
a foot and a half in diameter. When vertical sections through the 
mucous membrane were examined microscopically, numerous tubular 
glands were seen in which the granular peptic cells characteristic of 
a true digestive chamber were contained. 

The presence of a small 3rd compartment between the 2nd 
and the large 4th compartment was so faintly indicated on the 
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surface by a constrictioa that it was not ontil this portion o( the 
atomacli was opened into, that I could feel quite certain about it. 
When the opening was made it was seen that the 2nd compartmeDt 
common icated bj an orifice, through which all the digits could be 
passed, with this 3rd compartment. One boundary of this oriSce 
was the dorsal wall of the stomacli, and the other was the free 
crescentic edge of the septum between compartments 2 and 3. 

The 3rd compartment extended across the stomach from the 
dfsaal to the ventral wall ; its superficial area, corresponding to that 
of the right end of the 3nd compartment, was about 12 inches in 
greatest diameter; but in the direction of the longitudinal axis of 
the stomach, the diameter of the compartment was apparently not 
more than from 1 to 2 inches. Its aperture of commnnication with 
tlie 4th compartment was next the ventral wall, and readily admitted 
the fingers and thumb ; and as the opening into the 2Dd compart- 
ment was next the dorsal wall, the food passing through the 3rd com- 
partment had to traverse its greater diameter before it could reach 
the 4th. 

The4th compartment was inclined forwards towards the diaphragm. 
tt was 2 feet 4 inches in its long diameter, which curved from left 
to right, and formed the posterior border of this part of the stomach. 
It was much wider about the middle of its length than at its two 
ends, aud its greatest ^rth was 4 feet 1 inch. When opened into, 
the mucous lining was seen to be smooth. It was separated from 
the dilatation situated to its right by a deep constriction externally, 
corresponding to which, in the interior of the organ, was a broad 
septum attached around its periphery to the wall of the stomach. 
The aperture of communication between the 4tb compartment 
and Hie succeeding dilatation was not, therefore, at the periphery of 
the septum, as was the case with all the preceding septal openings, 
but was to the right ude of the centre of the septum. The 
opening was not more than 1 inch in diameter and was valvular, 
and the flap next the dilatation, which was crescentic in shape, over- 
lapped that which lay next the 4th compartment. From the small 
size of this opening aa compared with the other septal aper- 
ture^ the passage of the food into the dilatation must have been 
much slower than between the other compartmente of the stomach, 
so that the retention of the food in these compartments sufficiently 
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long to ensure its complete mingling witb the gastric juices was 
provided for. 

The dilatation referred to in the previouB pan^rapli was situated 
at the extreme right of the stomach, and was directed towards the 
diaphragm. Its general form was globular ; ita length was 18 inches, 
and its greatest girth 3 feet 6 inches. A short, funnel-shaped tube 
proceeded from its right aspect, which ended in the cjlindriform 
intestine. The mucous lining of this dilatation was smooth. 

There was no valvular fold at the place where the funnel arose 
from the dilatation, but at the origin of the cylindriform int«Btine 
a projecting valvular fold was situated, which might, on the anppou- 
tion that the dilatation was the lest compartment of the stomach, 
represent the pyloric valve. 

De8crij)tions of the stomach of the Lesser Rorqual have been 
written by John Hunter,* E8chricht,t Dra Carte and Macalister,} 
and Mr J. B. Perrin.§ Their attention was specially directed to 
the number and general arrangement of the compartments, but 
their descriptions do not tally. Eschricht, whose observations were 
apparently limited to foetuses at different ages, stated that the 
stomach of this whale bad only three compartments. Perrin 
described four, whilst Hunter, Carte and Macalister recognised five 
compartments. All these observers agreed in the presence of the 
compartments numbered as 1 and 2 in my figure. Hunt«r, Carte 
and Macalister described the compartment numbered 3, but this was 
not recognised either by Eschncht or Perrin. Compartment 4 is 
also described by the above anatomists, though the two last named 
regard it as the 3rd compartment. 

The question now to be considered is if the dilated cavity 
succeeding 4 is a compartment of the stomach or the dilated com- 
mencement of the dnodenum. Hunter, Carte and ^lacalieter make 
it the &th compartment of the stomach. Perrin holds a similar 
view, but calls it the 4th compartment, whilst Eschricht does not 
definitely refer to it. From the fact that the volve-like opening 
into it from the 4th compartment is small, and near the middle of 
the intervening septum, and not at the edge, one would at first be 
inclined to regard the small valve-like opening as a pylorus, and the 

' Op. cit. + Bit Nordiachen WalUhicre. 

X Op. at. I Ptoc Zool. Soc, December 6, 1870. 
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dilatation consequently as a pouch-like commencement of the 
duodenum. It is well known that in the common Porpoise and 
in Lagenorynchiu tdbiroetria the duodenum begins in a eubglobular 
dilatation, into which the biliary and pancreatic ducts open. I have 
figured a corresponding dilatation in the stomachs of Delpkinus 
delphu and Grampus griseiu,* which also receives the ducts of the 
liver and pancreas. If these ducts in B. rottrata opened into it, 
obviously it would be the duodenum; but, unfortunately, in taking my 
specimen out of the abdomen the biliary and pancreatic ducts were 
not dissected ont and preserved, so that I am unable to say from 
personal observation where they opened. On thb point, however, 
Dn Carte and Uacalisl«r have made a defiuit« statement, for not 
only do they call the dilatation a 5th compartment, but they eay 
that it communicated with the duodenum by a small pylorus, and 
that the conjoined hepatico-pancreatic ducts, after running obliquely 
for 2 inches between the coate of the intestine, opened in a valve- 
like manner into the interior of the duodenum about 6J inches 
below the pyloric orifice. Relying du the accuracy of this observa- 
tion, the dilatation ghould be r^arded as a 5th compartment of the 
stomach. 

Something more is, bowevei, required in the study of the Cetacean 
stomach than the determination of the number and arrangement of 
the compartments : the structure of the mucous membrane has to 
be determined. In a memoir on Sowerby's whale, published 
in lSS&,t I showed, from the examination of its stomach and that 
of the dried stomach of Hyperoodon, that in these animals, and 
presumably in the Ziphioid whales generally, the 1st compartment 
of the stomach is not a mere paunch-like receptacle lined by a pro- 
longation of the CBBophageal epithelium, as in the Dolphins. It is, 
on the other hand, a true digestive chamber, the mucous membrane 
lining which is abundantly provided with gastric glands, like those 
of the 2nd compartment in the stomach of the Dolphins, with which 
it is therefore homologous. Shortly after the publication of that 
paper, Professor Max Weber came to the same conclusion from the 
study of the stomach of Hyperoodon.} More recently I have 

■ Jour. ofAiuU. and Pky$., vols, xiiii. p. 476, and iivi. p. 280. 
+ Ibid., vol. II. 

; Studio UUr Saugtthiere, Jena, 1886. 
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obtuned confirmatory evideace from the exatnbation of a second 
specimen of Sowerby's wliale and a fresh stomach of Ejperoodon.* 

One has now to conuder the question if the etomach of B. 
roetrata resemblea the type of stomach in the Delpliimdfe or in 
the Ziphioid whales, or if it is of a different type from either. 

Obserrations on the structure of the mncous lining of the stomach 
in the Korqaals are as yet few in number. Eschricht statea f that 
in B. rostrata and Megaptera boops, both the oesophagus and Ist 
compartments are lined by a thick epithelium which terminates 
abruptly at the entrance to the 3nd compartment. Professor Max 
Weber } examined the stomach of a fcetos of Balwttopfera sibhaldii, 
227 cm. long. He recognised three compartments. The mucooa 
lining of the. lat was smooth and without glands, but the fcetus w&s 
too young to show a horny epithelium. The mucous lining of the 
2ad compartment was elevated into convoluted folds, and contained 
branched tubular glands in which distinct pepsin cells were 
recognised. The 3rd compartment had a mucous lining elevated 
into longitudinal folds ; it contained tubular glands in which no 
pepsin cells were seen. From this examination Weber came to the 
conclusion that the Borquals have the same stmctural type of 
stomach as is found in the Cetacea generally, to which type, how- 
ever, the Ziphioids, as has already been explained, form a remarkable 
exception. My examination of the stomach of the adult B. roitrabt 
corroborates the view that in the type of structure the Rorquals 
resemble the Belphinidie. If I were to employ in the description 
of the Rorqual's stomach the method which I followed in my account 
of tbe stomach in the Dolphins,g I should say that the Ist compart- 
ment, as in the Dolphins, is a large (esophageal paunch lined by a 
prolongation of the homy squamous epithelium. The 2nd ia the 
cardiac compartment, lined by a succulent reticulated mucous 
membrane, abundantly provided with peptic glands, so that it is a 
true digestive chamber. The last chamber, next the duodenum, is 
the pyloric compartment, whilst between the cardiac and pyloric 
chambers are two intermediate compartments, of which the small 

* JauT. ofAtuU. and Fhya., vol. iidii. p. 486, 
t Die NordUehm, WalUhiere, p. 08. 
t ifoTphologitchta Jahrbuck, May 1S88, p. 818. 
§ JoUT. <^Amt. and Fhyi., vol. ixiii. p. 466. 
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3rd chamber ie not nnlike in its position snd rektions the 3rd 
compartment in the Narwhal, The mode of deecription employed 
by Max Weber has, howerer, the merit of greater eimplicity. Like 
myaelf, he recognises the cBeaphageal and cardiao chambera aa 
stmctnmlly and fanctionally distinct compartments ; but he groaps 
all the compartmenta between the cardiac chamber and the dnodennm, 
wbftteTer may be their number, under the name of the " pylorial " 
diviaion of the stomach. He regards this division as chaiacterised 
in atmctnie by the poBsu«ion of macous glands similar to those 
present in the pyloric part of the stomach of the Camirora.* 

The stomach of the Granton B. rostrata contained about 2 gallons 
of a greenish fluid, in which numeroos nematoid worms and broken 
pieces of the bristies of the baleen plates were sospended No 
definite light, therefore, as to the food of this whale was obtained 
from this dissection, bnt from the scanty references to this subject 
in cetological literature it would appear that the Xiesaer Rorqual lives, 
in part at least, on fish. John Hnnter found the bones of fish, and 
in particular he refers to deafish, as present in the stomach of his 
specimen. Dr M'Btun stated that the stomach of the Horqual found 
near the Bell Sock contained a considerable quantity of pultaceous 
matter, " with bodiea of the Tertebrse and bones of the herring 
intermingled throughont the mass." Messrs Carte and Macaliater 
found the crystalline lens of a small fish in the etomach of their 
specimen. Professor Flower says the remains of numerous fish of 
conudeiable size— his informant thought cod-fish — were got in the 
stomach of a specimen caught at Overstrand, Cromer, on the coast 
of Norfolk, in ISCO.f In Mr Ferrin's specimen small pebbles were 
foond in the stomach. As the animal is apparently a fish.eater, it ie 
possible that the nematoid worms found in the stomach of the Grantou 
specimen had belonged to the fish on which the animal had fed.J 

* Hesarg Sims Woodhead and R. W. Gray have given an aci^oent (Joar. 
^ AtuU. and Pkyi., Jm. 1800) of the stmctara of the mnconi membrane of 
the stomach of the Narwhal, aud bave found in IntormedUte compartment 8 
in the stomach of that animal glands adjoining compartment 2 which have 
the atrnctnre of peptic cardiac gUnds, other* ai^oining compartment i like 
mocons pyloric glands. This compsrtnunt ia therefore histologicsUy, as well 
as topogiapbiolly, interraediate. 

t Proe. Zool. Soc. Hay 24, 1SS4. 

X The species BalmaopUra bormli* was fonnd by Hr R. CoUett during the 
month of Jnly to have its stomach and intestines filled mth the Copepod 
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The Great Omentam formed a very noticeable object. It was not 
attacbed to the left border of the Ist compartment, bat depended 
from its light border, and was proloaged on to the left border of 
the 2nd compartment, and theuce backwards to its poBt«rior border, 
from which it was continued as far as the 4th compartment, but did 
not reach the 5th compartment. The great blood-vessels ran along 
the line of attachment of the omentam to the difTerent compart- 
ments. The ventral surface of the stomach was covered by peri- 
toQSum, but the dorsal surface was in a large measure without a 
serous covering, and the pancreas was in apposition with the dorsal 
surface of the 4th compartment and the dilatation next to it. 

The Spleen was attached by a short gastro-splenic omentam 
to the blind end of the 1st compartment, and it was curved so as 
to be adapted to it. The length of the spleen along the convexity 
was 19 inches; its greatest breadth was 4 inches at ita middle, 
from which it tapered to each end. The Intestine was measured 
after its removal from the cavity of the abdomen, and its length may 
be stated approximately as about 140 feet. 

As the animal was an adult female, 1 took the opportunity of 
examining Uie Uterus and its appendages. The vagina admitted 
the closed hand and forearm. Its mucous membrane was folded 
both longitudinally and transveisely ; three transverse folds were of 
large size, and the highest apparently represented the boundary of 
an OS uteri. The uterus possessed a body which divided inl« two 
comua. The corpus uteri was 29 inches long and from 5 to 7 
inches broad. Its mucous membrane was folded longitudinally, and 
the biggest folds projected for nearly 2 inches. Twelve of these 
folds were counted in the circumference of one part of the canal, but 
in proximity to the os they increased in number and diminished 
in depth. A well-defined septum, the lower edge of which was free 
and sickle-shaped, separated from each other the openings of the 
two cornua where they arose from the corpus ut«ri. The uterine 
comua meaeured each 29 inches along the curvature, and were from 
4 to 6 inches broad. Each Fallopian tube was 18 inches long, 
(Calanua fiaviarehicua) ; be leten also to observstionB by Captain BdU, who 
found tliat the stomacli contained tbe so-called " Kri\," Eiiphautia inermts, 
a Tbyaanopod Crustacean about IJ inch \oiiic, which forms also the chief 
nonriaianent ol SaloTioplera libbaldii.—Proe. Zool. Soe., London, April 20, 
1886. 
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and terminated. at ita outer end in a large tram pet-shaped mouth. 
The uterine horns tapered to a uarrow eod, where the tubes arose 
from them. 

When the corona were opened into, the cavity was seen to be 
dilated, and the mucous membrane was folded longitadinally ; seven 
to nioe folds vere present in tbe circumference of the horo, and 
the biggest fold projected as much as 1^ inches into the cavity. 
As the folds approached the uterine end of the Fallopian tube thej 
diminished greatly in depth, but increased somewhat in number, 
and were continuous with similar mncons folda in the Fallopian 
tnbe. For about 9 inches from tbe tip of the cornu, the Fallopian 
tube readily admitted a thick porcupine quill ; it then rapidly 
dilated 80 that two fingers could be passed into it ; but when it 
formed the trumpetshaped mouth, it was so widely dilated that 
both fista could be accommodated in it. The membrane lining this 
greatly dilated mouth was longitudinally folded. These folds were 
prolonged into the tube proper by one extremity, but by the other 
they formed a series of membranous fimbriated processes, which 
varied in length from 2 to 10 inches ; some of the processes were 
narrow bands, i>ut others were triangular flaps of membrane. Ez- 
teroal to these fimbrife, but continuous with their bases, were three 
large somewhat triangular flaps, which formed, as it were, an outer 
circle of broad fimbrife, each of which measured about 10 inches at 
the base and varied in the extent of projection from 8 to 10 inches. 
The surface of these flaps next the mouth of tbe tube was tmversed 
by longitudinal folds of delicate translucent membrane. As one 
traced the longitudinal folds outwards from the tuba proper, the 
membrane forming them became thinner and more translucent ; it 
lost the appearance to the naked eye of a mucous membrane, and 
approximated in its aspect to the serous membrane, which formed 
the opposite surface. When examined microscopically, however, some 
elongated tubular glands were seen to open on the free surface, so 
that it was etracturally a mucous and not a serous membrane. The 
arteries and veins, both in the uterine walls and in the broad liga- 
ment, were of large size, and the arteries were very tortaous. 

Each Ovary was connected to the posterior aspect of the broad 
ligament by a fold of peritoneum. It measured 7 inches long by 2 
inches in breadth, and was indented with deep farrows. Notwith- 
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standing tlie length of the ovaiy, there can be no doubt from the 
size of the tmmpet-sliaped month of the tnbe, and from the remark- 
able arrangement of the fimbiiffi, that the ovary could be completely 
embraced by tbem ; vrhilHt the longitudinal arrangement of the folds 
would direct the ovum, after its escape from the ovary, into the tnbe 
and comn of the uterus. Projecting from the anrface of the right 
ovary was a swelling aboat the size of a small walnut, trbich on being 
cut into was seen to be due to a corpus luteum. About 1 inch from 
it was a second and smaller swelling about the size of an almond, 
which on section was seen to contain a much-Bhrivelled corpus 
luteum obviously on the point of disappearing. From the presence of 
the large corpus luteum on the right ovaij, from the size of the 
cavities of the coniua, and the somewhat flaccid and dilated condition 
of the uterine cavities geneially, I was led to think that the animal 
hod been pregnant at a recent period. No trace of fcetal membranes 
was, however, to be seen in the nterine cavity ; nor conld I recognise 
with a simple lens an arrangement of recesses or crypts on the free 
surface of the mucous lining snch as I described a number of years 
f^o both in Orca gladiator* and in the NarwhaLt On making vertical 
sections through the mncons membrane, and examining them with 
the compound microscope, distinct evidence was obtained of the 
presence both of a glandular layer in the mucosa and of a more 
or leas defined layer between the divided gland tubes and the 
free surface. In this more superficial layer depressions were seen 
irregular in shape and arrangement, which seemed as if they were 
crypts or recesses in process of disintegration, in which the villi 
growing from the surface of the chorion might at one time have 
been lodged. The microscopic esaminaliou strengthened the opinion 
I had formed on the general grounds above referred to, that the 
animal had been recently delivered of a young one, and that the 
uterus was in process of involution. 

Heart. — The Heart, as is usual in the Cetaces, was wide in its 
transverse and short in its antero-posterior diameter. Its greatest 
width at the base of the ventricles was 20 inches, but antero- 
poBteriorly it measured only 12 inches. The apex of the heart was 

• Tran». Soy. Soc. Edin., vol. Ktvi, April 1871. 
t iVoe. Bay. Soe. Eiin., lS7fl. 
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blunt, aod there was no appeannce of a cleft separating tbe light 
Crom the left ventricle. 

THiB right aaricle formed a large chamber divided into a sinus 
venosoB uid an appendage. The muscular wall of the interior of 
the appendage was elevated into ridges, many of which were attached 
to the wall only hy their opposite euda. The inoer wall of the 
■inns venoBtu was smooth, and the great mouths of tbe antetioc 
and posterior venn cara and the smaller mouth of the coronary 
sinus opened into it. 

The right veutricle formed the right half of the veutricular 
portion of the heart, both on its dorsal and veatral enrfacas. The 
septum between it and the left ventricle was not obliquely directed 
as ia the human heart, but lay approximately in the vertical mesial 
plane of the organ. The wall of the right ventricle averaged from 
J to 1 inch in thickness, and the tTabecnUe careeffi projecting 
from it were strong and numerous. The papillary muscle growing 
from the ventral wall was 2} inches broad at ite base, and was 
divided into three secondary papilla before giving origin to the 
chordffi tendineie, which distributed themselves almost equally 
between the left or infandibular cnsp, the right cusp, and the inter- 
mediate flap, which connected these cusps together. A papillary 
muscle, abont one-third the size of that just described, arose tmm the 
dorsal wall in the interval between tbe right cosp and the dorsal cusp, 
to both of which and to tbe flap between them its chordee tendineee 
were attached. The cbordie tendinen which passed to the doraal and 
infundibular cospa did not arise from a single papillary muscle, but 
from four slender and elongated muscnlar papilUe attached to tbe 
septal wall of the vantricl& The moat prominent object, however, 
io this ventricle was a great, round, moderator bEind of muscnlar 
fibre, which arose by three muscular processes from the septal wall, 
and passed across the cavi^ to tbe ventral wall, where it ended 
dose to tbe base of the ventral papillary muscle. The length of 
this band was 5 inches, and its circumference varied from 3^ to 2^ 
inches. In addition, a slender thread, which seemed to be little 
more tban a fold of endocardium, passed across the cavity. The 
pulmonary artery arose from a conus arteriosus, and its mouth was 
guarded by three loi'ge semilunar valves. 

The left auricle doeely resembled the right in the appearance 
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botb of the sinus renoaiia and appendix. Four pulmonary veins 
without valves opened into it. 

The left ventricle farmed the left half of the ventricular dividoD 
of the heart both dorsally and ventrally. Its walls varied in thick- 
ness from IJ to 3J inches, audit possessed strong trabecule carneie. 
The papillary muscles were for the most part thick and stunted, and 
resembled mound-like elevations rather than papillte, and their 
chordte tendinece were ver; strong. The left auriculo-ventricular 
valve was not bicuspid, but consisted of fonr distinct triangular 
cusps continuous with each other at their bases around the auriculo- 
ventricular opening, and in this respect it resembled generally the 
heart of Sowerby'e whale described by me some years aga* The 
four cusps were not nnlform in size : one (a), the largest, was 
situated at the dorsal (superior) border of the opening ; one (b) at 
the dorsal, another (r.) at the ventral (inferior) border of Uie left 
bonndaiy of the opening ; whilst the fourth (rf) was placed between 
c and the large dorsal cusp (a). A stunted papillary muscle arose 
opposito the interval between c and d; another was opposite the 
interval between a and d ; a third lay between b and c, and in each 
case they distributed their chordte tendineie to the cusps between 
which tfaey were placed. The ohordse tendineee that passed to the 
adjoining borders of a and 6 did not arise from a thick stunted 
muscle, but from several slender elongated papillm situated between 
their borders. Four short but powerful trabeculw camese passed 
from the septal wall of the ventricle across the cavity to the adjoin- 
ing part of the ventral wall, and would, doubtless, act as muscular 
moderator bands. Between these trabecnlte and the doraal cusp of 
the left auriculo-ventricular valve, an elongated and comparatively 
narrow passage directed the blood into the mouth of the aorta, 
which was guarded by its semilunar valves. 

The three great arteries which arose from the transverse part of 
the arch of the aorta had been cut across close to their ori^n. But 
if I may interpret the arrangement from the dissection which I made 
and figured many yeara ^o in the heart of Bcd'srwpiera stibtddii, t 
they were in all probability a right brachio-cephaltc, a left carotid, 
and a left anbdavian, from the last named of which a left posterior 

* Jour. o/JtuU. and t^yi., Oct ISBB. 
t Trans. Soy. Sot. Edin., 1370, vol. xivi. 
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thoT&cic artor7 almost immediately arose. The cord of the ductoa 
uteriosiiB coanected the commencement of the left pulmonary artery 
with the arch of the aorta almoet opposite the origin of the left snb- 
claTian. 

The Skeleton. — Ab the bones of the Gianton Baltenoptero irere 
fully ossified, and as the animal had attained its adult proportions, 
some general observations which I have made on the skeleton may 
be referred to. It is not, however, necessary to write a description 
of the individual bones, as Eachricht, Van Beneden, Qervais, 
Flower, and other cetolc^iste have already entered with considerable 
detail into the subject. 

The vertebral formula was CrDiiLigCdj, = SO. In order to 
obtain « correct determination of the number of caudal vertebne, 
r^ardii^ which observers have differed materially in their state- 
ments, tbe terminal caudals were carefully dissected tn situ, when 
ten Tertebne were counted between the two flanges of the toil, and 
in front of the flanges nine vertebra bore chevron bones. The 
terminal caudal was a nodule of bone 0'4 inch (11 mm.) broad and 
0'2? inch. (7 mm.) in antero-poaterior diameter : a circular con- 
striction differentiated it from the vertebra immediately anterior 
to it, with which it waa fused. The distance between the last 
caudal and the free edge of the median notch of the tail was half an 
inch (13 mm.). The penultimate vertebra was 0-86 inch (22 mm.) 
broad by 0-7 inch (IS mm.) in antero-poaterior diameter. The 
third vertebm from the tip of the tail was 1*45 inch (37 mm.) 
l»oad by 1'2 inch (30 mm.) in antero-posterior diameter. Had the 
tiul been macerated, the two terminal candals would in all proba- 
bility have beenlostv and the vertebral formola would then have 
read C^D^iLjgCd,^ » 48, which is the usual namber ascribed to B, 
TO^rata, although soma observers have given only 46 or 47 
vertobne in this species. Professor Flower counted 60 vertebree 
in the male, 24 feet 4 inches long, stranded at Overstrand, near 
Cromer, in November I860,* a number corresponding to that in the 
Qranton specimen, and which, donbtless, expresses the correct 

* Pne. Zoid. Sue., Hay 24, 1801, in which the followiDg formnla is given, 
C^D„,Ij,BCd„-GO. This skeleton U in the Uusenm of the Bojal College of 
Sorgeotui of Englsnd, but in TrataaoT Flower's catalogue of the ooUection the 
formula is modiSed as fsllows, Cf,D,t.Lii,Cd„- i9. 
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formula when all tlie vertebra are oaaified, and due care is taken 
for their preservatioii. The epiphjsial plates were fused with the 
bodies of theii vertebra in the Granton specimen, but in the lumbsr 
and dorsal regions evidence of their original separation could still 
be seen. 

The skeleton of the young rosirata from Queensfeny dissected by 
the brothers Enoz, which is now in the Anatomical Uusenm of the 
University, and which is preserved as a natural skeleton, had the 
formula CfD,,. Twelve lumbar vertebra intervened between the 
last rib-bearing dorsal and the vertebra to the posterior border of the 
body of which the lat chevron bone was articulated, ^ine caudal 
vertebrce carried chevron bones, and behind the last of these ten 
osaeoosor cartilaginous nodules represented the terminal vertebra of 
the tail: the entire formula is C7D,,L,2Cd„>-49.* 

The 1st, 4th, and 7th ceroical vertebra in the Granton specimen 
were separate bones. The axis and 3rd cervical were partially fused 
by tt^ bodies, laminie, and spines. The 5th and 6th were fused 
at the tips of the inferior transverse processes, but elsewhere they 
were quite distinct In the adult Dnnbar specimen all the cervicala 
were separate bones except the axis and 3rd cervical, the bodies of 
which were fosed together. In the young animal caught at Alloa, 
the axis and 3rd cervical were fused at their spines. It is obvious, 
therefore, that in B. roitrata there is a tendency to fusion between 
the 3nd and 3rd cervicsls. In none of the specimens had the atlas 
a foramen in Its transverse process. In the Granton and Dunbar 
animals each lamina was perforated by a foramen dorsad to the con- 
dylar articular surface for the 1st cervical nerve; but in the Alloa 
specimen the hole was represented by a deep groove. The height 
of the atlas in the Granton and Dunbar specimens was 8 and 8J 
inches, and in that from Alloa 6 inches. The breadth between 
the tips of the traiuverse processes was 13}, 13^, and 8 inches 
respectively. The axis was as usual the largest vertebra of the 
neck, its height in the Qranton and Dunbar specimens was 8^ inches, 
in that from Alloa 6 inches; the greatest transverse diameter in 

* The brothers Euoz in tbvir account of this (mimal give the vertsbne as 
folbwi, CD„LCdK-48 ; bat from tbe appearance of the tail in the dried 
BbeletoQ it «eemi as if an additional cartil^[inotia nodule were present in the 

caudal Mries. 
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these anim&b was 20^, 19^, and 10^ Inches respectively. The 
massive transTeree processes were each perforated by a large oval 
foramen, the bonndary of which was ossified in the adults, and also 
on the right side of the young Alloa epedmen, but on the left side it 
was completed by cartilage. In the Qranton specimen the superior 
and inferior transverse processes of the 3rd cervical had joined e:cter- 
nally so as to complete the boundary of the vertebrarterial foramen ; 
bnt in the 4th, Stb, and 6th they did not quite meet, so that the 
oflBeons boundary was incomplete externally. In the Dunbai speci- 
men the osseous boundary of this foramen externally was incomplete 
in the 3id as well as in the 4th, 5tii, and 6th cerricals. In the 
AUoa specimen, and apparently also in' Knox's skeleton, the 
bonndariee of these foramina were completed by bars of cartilage. 
In the 7th cervical, the inferior transverse process was represented 
by a faint tuberosity on the side of the body ; but the superior was 
long, and the diameter between the tjps of these processes was in the 
Granton specimen 19^ inches, and in that from Dunbar 15} inches. 
The neural arches were complete in all the cervicala in the adult 
animalB, except in the 3rd, in which a gap of 1| inch existed in the 
Dunbar specimen, whilst in that from Granton a chink admitting 
the blade of a scalpel separated the right lamina from the spinous 
proccM. 

The dorsal vertebriB in the Oranton specimen increased in magni- 
tude from before backwards, both as regards the bodies and spinous 
processes. The transverse processes of the 1st dorsal were not 
qnite BO long as those of the last cervical, bnt were longer than those 
of the 2nd, 3rd, and 4th dorsala, A mesial keel appeared on the 
ventral sorface of the body of the 4th dorsal, and was seen also in 
those which were posterior to it The relative magnitude of the 
1st and last dorsal vertebne was as follows in inches : — 



Height of vertebra, 


10 


Antero-poat. dUm. of body, . 


. . 21 


VertiwldiMn. oTbody, . . . 


. . 8J 


Height of spine 


8 
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The ribi in the Qranton specimen articulated with the onter ends 
of the dorsal transverse proceases. The 2nd and 3rd were the only 
vol- xn. 2/6/B2 E 
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ribs which gave indications of a capitular piocesa projecting inwards 
towards the side of the body ; but it was bo feeble u to be litUe 
moie than a mere tabercle, thon^ it was somewhat longw in the 
Sad than in the 3rd rib. The let pait weie the broadest and shortest 
fibs; the length along the outer curvature was 2 feet 11 inches. 
The last rib, again, was Ute meet slender, and its length was 3 feet 
6^ inches. The 4th and Sth ribs were the longest, and their 
corresponding diameters were 6 feet I| inchea 

The etemum had the shape of a Latin cross, chaiscteristiG of the 
species. In the Onmton specimen it was 19^ inches long hj 
9 inches in truuverse diameter. In the Dunbar specimen it was 
19^ by 10| inches. In both these adults the posterior Umb was 
long and slender (in the one 11^, in the other lO^ inches) ; whilst 
the anterior and lateral limbs were shorter and togethw rather 
trefoil-shaped. In the natural skeleton of Knox's young animal, 
the 1st pair of ribs were seen to be joined to the posterior border 
of the trauBverse limbs and the anterior part of the side of the 
posterior limb. In the same skeleton the 2nd pair of ribs weie 
joined together meeially and ventrally by what seemed to be a dried 
bar of cartilage, and a similai arrangement connected the ventral 
ends of the 3rd paii of riba. 

The lumbar vertebrte in the Qranton specimen were thirteen in 
number. The keel of the 13th was prominent, and broadened out at 
its posterior end into a some^iat flattened triangular area, but as there 
was not distinct eridenoe of an articulation for a chevron bone I have 
included it in the lumbar series. It is possible that the Ist chevron 
bone may have been lost and too small to produce a definite 
articular area on its vertebra, and yet to have belonged to this bone, 
which would then be the let caudal and not a lumbar vertebra. 
The bodies of all the lumbar vertebrte were anteio-poat«rioily elon- 
gated and keeled. The spines were long and massive, and tho 
transverse processes broad and fattened. The 6th lumbar had the 
following dimensions : — Vertical diameter of vertebra, 30} inches ; 
body, antero-posterior diameter, 6{ inchee, vertical diameter, 5^ 
inches; spine, length, 11} inches, antero-posterior diameter, 6^ 
inches ; transverse process, length, 9f inches, breadth, 5^ inches. 

The caudal vertebrte, nineteen in nomber in the Granton specimen, 
consisted of two groups, nine of which had chevron bones, whilst 
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ten without chenous were included between the fluiges of the tail. 
The greatei number of theae vertebrce were keeled on the ventral 
surface of the body, aod the keel was gtooved aatero-posteriorly, so 
aa to be divided into two ildgee, which possessed in the vertebne 
UBociated with cbevioa bones distinct areas for their articulation. 
The eight anterior caudds poeeessed lamime and spines enclosing a 
nenial canal, they diminished in magnitude from before backwaids. 
Transverse proceesea were pieeent in the five anterior candals, bat 
in the 6th the process was diminished to a slight ridge^ In the 
1th and 5th the transverse process was perforated, where it sprang 
fixim the side of the body, by a vertical foramen. The height of 
the 1st caudal vertebrte was 19 inches, its breadth was 17 inches; the 
vertical diameter of the body was 7 inches, its transTeree diameter 
was 8 inches. 

Nine chevron bones were present, the eight anterior of which 
connsted of a pair of hfemal arches with a htemal spine ; but the 
9th was only ossified in its left half, and was not more than 1 inch 
in antero-posteiior diameter. Except the laat chevron, the others 
had separated from the caudals, and it seemed as if that which 
articulated with the 2nd caudal waa the largest of the series j it 
measured 9 inches in hei^t and 6] inches in its greatest antero- 
posterior diameter. In the natural skeleton of Knox's specimen the 
3fd chevron was the longest They diminished in size from it in 
one direction to the 1st, which was very small, and in the other to 
the last, which was also very small 

It is unneceasary to give a description of the SkuU of B. rodratOf 
as it has been described and ^ured by several writers on this 
species. It may, however, for purposes of comparison, and as the 
crania are from animals of different ages, be useful to arrange in a 
tabular form some of the principal measurements of the series of 
crania now in the Anatomical Museum of the University (Table II.). 
Both Knox's specimen and that caught at Alloa are quite young. 
If we take the length of the adult animal as 28 to 30 feet, and that 
of Knox's specimen as 10 feet, the latter had attained abont one- 
third its growth, and was probably not more than a few weeks 
old. 

In removing the lower jaw of the Granton specimen, it was 
observed that the great fibrous pad which connected the condyle of 
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the lower jaw with tho articular sutface of the tempoml bone wns 8 
inchea in length and 10 inches in traneverse diameter. 

The hfoid apparatus waa present both in the Granton and Danbar 
specimens. In the Qranton specimen the transverse diameter 
between tiie tips of the great horns was 20^ inches j in the Dunbar 
specimen it was SO inches. In the Oranton specimen the diameter 
from the tip of the anterior horn to the posterior border was 7^ inches ; 
in the Dnnhai specimen it was 7^ inches. The length of the stylo- 
hyoid in the Qrantonspecimenwasll ^ inches; in the Dunbar specimen 
it was 1 1 J inches. Compared with the hyoid of Baltenoptera boreaiie, 
ft description of which I have given in my account of that whale,* 
it will be seen that in the latter animal the hyoid was a somewhat 
larger hone ; it differed also in the shape of the body, which in B. 
roitraia was convex from side to side and from before backwards on 
the inferior sorface, whilst the great horn was fusiform in its long 
uJs and not so flattened on its inferior surface as in B. boreaiie. 
The general shape of the hyoid in B. roitraia approximated, indeed, 
mrae to that of B. nbbaldii, though on a much smaller scale. 

The length of the tympame bone in the Granton specimen was 
3} inches, the breadth was 1| inches. 

Anterior Eairemity.-^ThBiiAegauimA, the subjacent mnscles, and 
other aof t parts, together with the periosteum, were carefully removed 
from the bones of the limb, so that the carpal bones and joints and 
the digits might he seen and described in stfu. The Seapula had 
the cnstomary shape of the species, and possessed both coracoid and 
scroniion processes. Its extreme antero-posterior diiuuetei was 30 
inches, whilst its breadth from the vertebral border to the middle of 
the inner horder of the glenoid fossa was 16 inches. In Knox's 
yonng specimen the coracoid process, and about one-half of the 
tcromion, consisted of unossified cartilage ; the vertebral border was 
also cartUaginons, and at both the anterior and posterior angles, 
especially the latter, considerable plates of cartilage were still present. 
The Humerus also had the form of the speciesi It was 11} inches 
long and nearly 6 inches broad in the middle of the shaf L The 
head was elongated and encrusted with articular cartilage. The 
opposite end had broad articular areas for radius and ulna. The 

* Pnx. Soy. Soe. Edin., Feb. IBBZ, and Jour. <^ AnaL and fky*., April 
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Radius was 18J incheB long and simple in form. The Ulna waa 
nearly 18 incbes long, and had a lemarkablj large hook-eliaped 
olecranon procesa, of which 6 inchee at and near the tip consisted 
of nnossified cartilage. The carpal end of each of the two bones of 
the forearm was covered bj a cortitaginons plate, which was separ- 
ated by an imperfect joint canty from the cartilage which covered 
the adjoining surface of the proximal row of carpal bones. The 
bones of the forearm had no separate bony epipbyBea. 

The Manus waa tetradactylous. The Corpw* coneiated of five 
bonee arranged in a proximal and a distal row, with in addition a 
pisiform bone. The five bones of the two rows were flattened on 
tiieir dorsal and palmar aurfaces where they were covered by perioa- 
tenm and ligamentons bands, whilst the other enrfaces (except the 
outer surface of the radiale) were encmated by cartilage, and were 
articular. The original cartilaginous caipus was so welt ossified 
that, except in the pbiform element, only narrow bands of cartilsge 
separated the bones from each other. Depresdons on the surface 
indicated the line of demarcation between the cartilages which 
covered adjoining carpal bones and the carpal ends of the metacarpal 
bonea. 

The proximal row, proearpitt, consisted of radiale, intennedinm, 
and ulnare. Their size may be gathered from the tiansvetee dia- 
meter of their osaeons parts : that of the radiale waa 2^ inches; of 
the intermedium the same ; of the nfamre, 2 J inchee. The radiale 
articulated, by its proximal surface with the radius j by its distal 
with the metacarpal segment of digit a; by its nlnar with the 
intermedium and the more radi&l (Ca) of the two distal carpala ; 
whilst its outer surface waa non-articular. The intermedinn 
articulated, proximally with both radius and ulna, especially ttte 
fonner; distally with the two carpale of the distal row; radially 
with the radiale ; by its ulnar aurface with the ulnare. The ulnare 
articulated, proximally with the ulna ; distally with the more ulnar 
(Cj8) of the two distal csrpals, and with the metacarpal segment of 
digit d ; radially with the intermedium ; by its ulnar surface with 
the pisiform. The pisiform element, like the olecranon process of 
the ulna, contatned a conaiderahle proportion of cartilage, which 
had a recurrent direction dose to the border of the ulna ; the pisi- 
form articulated with the cartilage at the lower end of the ulna. 
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vith the nlnare, and slightly with the base of the metacarpal segment 
of digit d. 

The distal row of carpalia, mMOcarptiB, consisted of only two 
bocee, which were cat oS from tha two lateiaj margina of the carpiu 
by the metacarpal segments of digits a and d, which passed to 
articulate the one with the radiale, the other with the ulnare. As 
' there may be some difficulty in arriving at a conclusion, which of 
the five carpalia of the distal row of the type cetacean carpus are 
npresented by these bones, I shall not designate them numerically, 
bat distinguish them as Co, C/3. The transverse diameter of the 
bony part of each was about 2 inohea. Ca articulated, proximally 
with the radiole and iutermediam; distally with the metacarpal of 
digit b ; radially with the metacarpal of digit a; by ita ulnar sur- 
&ce with Cp. Cff articukted, prozimally with the intermedium 
and ulnare ; distally with the metacarpal of digit e ; ladi&lly with 
Co ; on the ulnar side with the metacarpal of digit d. 

The metacarpal segments of the four digits artioiilated as follows :— 
a with radiale and Ca ; b with Ca ; e with C^ ; d with Cfi, ulnare 
and pisiform. In addition to the metacarpal segments the digita 
wen ftunished with phalanges as follows : — a with three ; b with 
•aveni e with six; d with three. Each metacarpal bone and 
osaeous phalanx had cartilage both at the distal and proximal ends, 
whibt the cartilage at the metacarpo-phalangeal joints and the 
larger inter-pholangeal joints was divided into two epiphysial plates, 
one for each bone; that between the 1th and 6th and 6th and 6tb 
phalanges of digits b and e consisted of a sin^ bar, not transversely 
a^mented. Each terminal osseous phalanx had at its distal end a 
flattened plate of cartilag& Digit b was the longest, its terminal 
phalanx, in proximity to the tip of the flipper, was so small a plate 
of bone that unless care had been taken in dissecting the part it 
might easily have been missed Digits a, b, and c were parallel and 
close to each other. Digit d diverged somewhat from c, so that the 
IntArval between them was greater than that between the other 
digits. The terminal phalanx of digit d reached the ulnar border 
of the flipper. 

The dried manna of Knox's young specimen was examined, wh«n 
three oeaeoos nodulee were seen to represent tiie radiale, intermedium, 
and ulnare ; two nodnles represented the bones of the distal row, and 
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an UQOsaiGed piaifonn cartilage vas also present. As regards the 
digits, four were present. Three of thsae, correspoDding to a, 6, and 
c in the description of the adult, were placed close together and 
parallel to each other ; bat the fourth, or most ulnar digit d, was 
set at an angle to digit e, so that an interval \\ inches wide occurred 
between its t^nninal phalanx and the phalanx of digit e, to which 
it was opposite. On the other hand, the intervals between digits a 
and h, and b and e, did not exceed a quarter of on inch. The exist- 
ence of the well-marked iuterral between c and d, and the divergence 
of c, mode me think that a rudimentary digit might he found in 
the intermediate stmcture. Accordingly, I dissected off the dried 
integument with core, hut failed to Bee any osBaous or cartilaginous 
structure in the intenraL 

As regards the general morphology of the carpus in B. roetraia, 
the proximal row presents no difficulty, for it possesses the three 
bones customary to the Cetacea, with in addition a pisiform. The 
distal row, as is generally admitted where only two distal corpalia 
exist, preseuto more difficulty. So long as it was thought that the 
missing phalanx in the cetacean tetrodactylous hand was the pqllex, 
it was natural to consider that the trapezium Cj was also absent^ 
or was fused with the radiale, and that the two distal carpalla repre- 
sented, the one C, + Cg, the other C^ + C^. The recent discoveiy by 
W. Eilkenthal * in an embryo Balnnoptera of a rudimentary digjt 
lying in ttie interval between the phalanges of digits b and e, raises 
the question whether it is not the middle digit, medius, rather than 
the pollex, that is absent in the manus of the Korquols. Should 
this be so, the four digits would then represent the poller, index, 
Annularis, and minimus. It is, therefore, possible that the os 
magnnm, carpale 3, as the distal carpal belongii^ to the medius, 
may, like its digits be suppressed ; that carpale Ca may represent 
both trapezium and trapezoid Cj + Cj, or possibly only the trapezoid 
C,, Ci being fused with the radiale; whilst Cfi may represent the 
unciform, carpalia i and 5. C, + Cg, owing to the suppression of 
the OS magnum, lies more to the radial side of the carpus than is 
customary, so as both to articolate with carpale 2, and to allow a 
portion of the metacarpal bone of the most ulnar digit to articulate 
with the ulnare of the proximal row. This is, however, merely a 
* Anaiomiactier Aiveigv, December 27, 1890. 
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hjpotheda, and would need more embijological evidence in its 
favoar before it conld be accepted. 

In order to make the relations of the carpal bones and digits in 
B. Toatrata more clear, I have constructed a graphic formula after 
the plan parsned by H. Leboncq,* Max Webei.t and W. Kiikenthal % 
in their several memoirs on the hand in the Cetaceo. Alongside of 
it I have placed a similar scheme of the hand of an adult Hyperoodon, 
in which several years ago I demonstrated for the first time in the 
cetacean carpusg the presence of five separate osseous carpalia in the 
distal row, one for each digit. In the formula of B. rostrata I have 
nsed the descriptive terms employed in the text, which have been 
selected because they do not commit one to any hypotheeia as to 
the homology either of the distal carpalia or the digits. 

Hj/pei-oodon.W B. roatrala. 

23S51 3673 

Ph Ph Ph Ph Ph Ph Ph Ph Ph 

Mj U^ U^ M, Ml Mi M, Ms M« 



C. C. C. Cj, 



J, \i y 



pi n 1 r pi 

Ulna. Radius. Ulna. Eadiua 

The petvie bonea were situated at the side of and extending 
forwards in front of the anal opening. They were fully ossified ; 
one was 8 inches long, the other 8^ inches. They were somewhat 
curved, and each possesaad two surfaces and two borden; the inner 
border was concave, the outer border for the most part coavez. 
Bearing in mind Mr Perrin's description that " at the summit of the 

* AnatomiaeAer Anxeigfr, March ISS7. 

+ Marphologtsdus JahTbaeh, May 1S88, 

2 " Die Hand der Cetueeu," Denk. med. visttiueA. Oes., m Jitui, voL ill., 
188>. 

g Jour. o/AnaL cmd Phya., Oct 1385, p. 181. 

II In the hand of aa immature male, 20} feet loQg, cangbt at DunW in 
Iforember 188G, and tha skelaton of which I havB placed in the UniTeraity 
Hnteom, the phalanx of digit 1 was atill ctrtiligiiioiu, aa also was the 
terminal phalani of digit 5. 
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onter coavexity tiiere was a small Tough fibroaa m&aa, about the 
size of a pea, in irhich were imbedded a nnmbei of very small carti- 
laginous plates," which he thought evideittly represented the fcmnr, 
I examined wiUi care the coneaponding part of the bone in this 
animaL I found scTeral minute nodules about the size of small 
shot^ which had been cut across in the process of removing the peine 
bone. They were attached to the convex border by fibroaa bsnda. 
To the naked eye they had a cartilaginous appearance, but when 
examined microscopically they were seen to consist of fibrona tianie. 
In all probability tbe apparent nodules were the ends of small 
tendons, which had been cut across transversely close to thor 
attachment to the pelvic bone. I may mention that many of the 
tendons in this animal have a dense homogeneous character, and in 
sectioD look to the naked eye somewhat like cartilage. 

In the following table the dates, localities, and other particulars 
of the properly anthenticated Scottish specimens of Balmnoptera 
rostrata are summarised. 
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The Tactioa adopted by certain Birds when Flying in 
the Wind. By Mr R. W. Western. (With a Plate.) 

(Bead Juioaiy 18, 1892.) 

All who watch the flight of hawks or kites are struck by the 
extraordinary power they hare of suBtaining themselves for a long 
time, sailing about in the aii without flapping their wings or making 
any conapicuoua effort whatever. 

Most birds of prey, as distiuguished from game, are able to do 
this, and thus hold commanding heights from which to deeciy food. 
The expression "wind-sucker," as used by Ben Jonson, lefers to the 
kestrel, a kind of hawk unsuited for falconry ; the astonishing way 
in which it keeps itself poised in the air, facing the wind with beak 
outstretched, led to the name, which implies the only explanattoii 
of the phenomenon that the science of those days could furnish. 
Sea-birds are also very proficient. 

The author's own observations were npoa Che^, a kind of kite, 
which after the parrot and crow, is the commonest bird in India 
(and excluding the pariah-dog, perhaps the most usefa) scavenger). 
The author once saw one of these get oEF a bough, wheel about in 
the air for two aud a half minutes by the clock, and finally end tip 
on the self-«ame bough, without having made a single flap of its 
wings during the whole time. 

Phenomena of this kind are quite beyond the reach of any 
parachute theory which assumes that the birds present so large an 
expansion of wing area in proportion to their weight, that the 
falling which necessarily takes place may be sufBciently small to 
escape detection. It will, however, be advisable to find an expres- 
sion for the amount of this falling, so as to determine it piecisely. 

We must make the conventional assumption about the relation 
of the velocity of air to the pressure produced by it on a flat 
surface, viz., that a flat surface destroys the motion of all the air 
that blows against it in a direction at right angles. Of course, the 
relation is the same whether the air blows against the surface, or 
the surface is carried through the ur, as in the present instance. 
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This relatioa is not exact. When a ahip lies at anchor, and 
swings to the tide, the preBsure produced hy the atream dividing 
at the bows is balanced by the waters closing again at the stem 
(provided hei lines are sofficiently fine), so that the only force 
stnuniug the cable is due to skin friction. If this is true for a 
dense fluid like water, how much more must it hold in thin air 
whose mobility enables it to get round the sharp comer of the most 
angular bodies with very little eddyingt Still, by treating the 
area which a bird presents, as a flat surface, we introduce an ertor 
in the opposite direction, for the form tends to reproduce the 
velod^ of impin^ng air in an opposite direction, thereby increasing 
the pressure sustained. 

In the absence of better information on this point, we must 
suppose the two etiots to cancel one another moro or less, awaiting 
the time when the results of a number of delicate experiments will 
enable ns to treat the matter ^th greater exactitude. 

It may be noted that the distribution o{ feathers at the edge of 
the wing is such as to promote the formation of eddies. 

To proceed, then, on the hypothesis explained above, the 
resistence of the ur to the bird, when falling with out- 

stietehed wings at v feet per second, will be r, whete A square 

feet is the area presented by the bird, and G lbs. is the weight of a 
cubic foot of air; g = ZZ-2. It is obvious that this quantity cannot 
be greater than the weight of the bird. Thus from the equation 

W = — tfi we obtain d= \/(t£ ** the greatest velocity which the 
falling bird can attain. 

From a number of meaantemente of the particular birds te which 
the observations of the author relate, W may be taken at |^ lbs. 
and A at 2^ square feet So that the greatest rate of falling will 

be 

/ ii X 32*2 
V o8o;i,2-5 - "■» '«•« P" »'»»'l- 

The falling bird will never exactly attain this velocity, but it 
very quickly approaches it. 

To find the velocity attained after falling any number of seconds 
t ; we must equate the increase of motion, to the excess that the 
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weight of the bod; has over the reaistance of tJi« air, after any 
interval of falling. Thus the downward acceleration 



w-^'^- 



a* . 



w ~'~ w" 



Aa t* can never actually become eqnal to ^, the expression 

OA 
g " -= c' will never become lero ; thus the lef t-hend side of the 

last equation is continnons, and can be int«gratad in all cases. 
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and 

therefore 
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Whence it will be seen after the first second, the falling body 
will have attdned a velocity of only y^= short of its 
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febsolate maximam. Substituting in this the valnes for W and A 
ftlready giTen, we obtain -0237. So that the falling bird at the 
end of the first second will have attained a velocit; onl^ 2^ per 
cent, leas than ita greatest possible value. 

It is, however, also neoeesary to find how/ar the biid will fall 
in a given tima. We most, therefore^ evaluate 
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Putting < — 1 in order to find the distance fallen during the first 
■econd, we see that the middle term becomes bo small that it may 
be neglected. Then, substituting the proper value for W and A, we 
have 

U-6x --386 --8-6 

or about 5 feet 7 inches in a downward diiectioa 

For the next and succeeding secoads the drop, as we have seen, 
will exceed 14 feet 

Actual experiments on dead birds, vrith their wings extended with 
wire (oonection being made for the increase of weight), more than 
confirm these results, and entirely dispose of the parachute theory 
as applied to these birds. We must, therefore, look to another 
principle to explain the support they derive from the aii they fiy 
in. 

Such a principle is furnished in the example of a common papnc 
kite. As everyone knows, the two essential conditions for making 
the kite to rise are, wind and string, of which a bird must necessarily 
lack the string. For this reason the bird can make no great use of 
this principle in a wind of constant velocity. When, however, the 
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rate of the wind continually Tariea (as is usually tike case), it may 
substitute for tlie string the resistance due to its own ineitis. 

We Deed only assume for the bird, a power of balancing itself at 
any inclination, so as to be able to present the area of its wings to 
the wind in the meet adTantageooe position. 

Suppose the wind blowing from right to left in fig, 1, 

Let EF represent the trace of the surface which the bird creates ; 
area A square feeb Then, if £F ie inclined to the horisontal at the 
angle a, the area obstnictiTe to tho wind is A sin a, and the mass 
of air obstructed per second 

Q A sin g 
" ? " 
u being the relative velocity of the wind. 

This produces a pressure at right angles to £F proportional to 
the resolved velocity in that diieotion 

OAeina , . , GAsin^a . 
uftt Bin a) or 1^ 

Resolving this presaore vertically and horizontally, we obtun a 



direction of the wind. 

Let ns suppose the bird to be just supported. Then equating the 
former foice to W, the weif^t of the bird, we have 



OA ' ain' a coe a 
As the bird is enpposed to bb able to poise itself in the most 
advantageous way, we must determine what value of a correlates 
with the smslleet value of tt. 

Differentiating the expreesion for u*, and equating the derived 
coefficient to zero, we get 

2Binacos^a» sin' a 
or 

■ tana- 72 
so that the most advantageous inclination is tan ~' J2 or 51* ii'. 
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SabBtitutdi^ thie value for a in the eqaation 



V u 



'v; 



GA 



'8165 
being I4'5 in tlie present instance, as fonnd before. 



Hence out bird would remiun supported at an iucUnation of 
54° 44' when a wind of 23-3 feet per second was blovii^ gainst 
it This only constitutea a light breeze, Na 2 in Beaufort's scale, in 
which a well-conditioned man-of-war, with all sail set, and clean 
hull, would go about three knots an hour in smooth water. 

There is seldom less wind than this in the air, and when this 
Telocity is exceeded, an upward force is developed which is greater 
than the weight of the bird ; the Utter being thus raised to s higher 
level 

Let ns now consider the effect of the horizontal force 

GA 

— u^sin^o, which is hurrTing the bird along in the direction of the 

wind. 

If the velocity of the wind is y feet per second, as has been 
shown, onr bird will no longer be supported after its own velocity 
in the same direction becomes y- 23*3 feet per second. 

Let ns suppose the gust touches the rate of 60 feet per second, 
which is not much for its momentary highest velocity. Then our 
bird, when the support fails, will be travelling at (CO-23'3) feet 
per second, ot 26-7 feet per second. If the gust then comes to an 
end, and the wind falls, the bird can avail itself of this energy to 
rise in the air. 26-7 feet per second is equivalent to an increase of 

It will be necessary, of course, to discount this by loes due to 
skin friction, oi resistance produced by the air in passing over the 
feathers, also by loss of eneigj involved in changing the direction, 
neither of which sources of discrepancy are easily estimated. 

It was only desired to demonstrate one case in which the biid 
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msy Buppott itself without diiect expendituie of energy for tlie 
poipose. 

Soffiuent has been proved to ahov the adrantage which most 
accrue to one that skilfully u^olaates a goat Bat the resonices of 
a aagt^ns biid an not ezhaoated. 

When there are no gostB, and the wind is steady, or in the case 
under CDUsidetation, when the variationB of ita velocity do not 
exceed 23-3 feet per aecand, if the bird can, by utilising part of ite 
acquired velocity, by swooping down, or making a flap or two, get 
into another current, or anywhere where the ur is comparatively 
still, it will be in the same position as occurred at the lull, which 
we had supposed in tiie previous instance to follow the gost 

Actual observation, in the light of this Uieoiy, makes it qoite 
evident they do make use of such tactics, and that it aids them 
considerably in sustaining their flight. 

The author haa observed Cked ascend the spur of a mountain 
some hundreds of feet by following manceuvres which plainly 
illustrate the working of the above principlea. 

Take AB, fig. 2, for the axis of the spui. The cnrred line 
shows the couise of the bird. Flying towards the spar, it ceases 
to use its wings at a and rises by virtue of its attained velocity to 
h, where it meeta the wind coming over the edge of the hill, and 
is thus driven quickly to c ; here it flnds the air stagnant. Sheltered 
by the rising slope of the spar, it drops a little to reach still qoietac 
air, and utiUaee its thereby further-increased velocity to bring it 
back again towards the hill, the operations being continued in^ 
definitely. 

In the instance observed by the author, the bird found it neces- 
sary to make from four to six flaps of its wings at points e, t,&c. 

It may he also remarked that most birds in a high wind, when 
they pass sucb an object as a church steeple, for instance, will moke 
use of the changed velocity ol wind on its lee side to raise them- 
Belves perceptibly in their flight. 

In auch ways the wind, to us a hitherto insuperable obstacle to 
practical aeronautics, is turned to account by unintelligent members 
of the animal creation. They trade, as it were, between two regions 
of air, bringing energy acquired in one to make use of in another. 

[Dte difficulty of adopting the same practice with flying machines 



■ Google 



1861-92.] Mr R W. Western on the Tactics of Birds. 83 

is the extreme rapidity with which movemente must be made. In 
order to demoDBtiate this, let na conEidet the rate at which an object 
of weight, W lbs., pKBentiug to the wind an effective area of A sqoare 
feet, will acquire velocity. 

Take the velocity of the wind y feet per Becond, and its relative 
velocity to the object {y-v) feet per second. Then the presaura 
acting on the object will be 

and dividing this by the mass of the body, we get its acceleration 



the equation 



dv GA, ., 



Then u t^ the velocity of the body, can never reach y, the rate of 
the wind, we may integrate both sides 






u 






■ Google 



84 Proceedings of BoycU Society 0/ Edinhtrgk. [bibb. 

Since ^^ muat in all practical cases be a amall qnoutitj cam- 
pared to y, the velodt; of the object will be almost equal to that 
of the wind in a few seconds. 

lu the example of the bird treated as an inclined plane, and joat 
enpported by a constant relative velocity of wind, the horizontal 
acceleration is g tan a, where a, as befora, ie the inclination of the 
plane to the hoiizontaL For the ratio of the horizontal to the 
vertical pressures, due to the wind, is 

GA , . , 

— u' sin^ a cos a 

J- = tana 

OA , . . 

— a^sin'o 

Therefore since the latter force ia by hypothesis equal to the weight 
of the bird, and its acceleration under that would be g, its accelera- 
tion under the former will be g tan a. 

When a is given, the value B4° 44' required to bring about the 
least value for the relative velocity u — 

f7 ton a = 45 feet per second. 

There is no way out of this difficulty. 

Plenty of energy is in the air, enough to enpport many flying 
machines, but one must be very quick to seize it. 

Such things as upward currents in the air no doubt exist, and 
birds continually make use of them ; to currents like this must be 
attributed the more inexplicable feate of sailing, which Ched some- 
times perform, round the tops of bills. 

The vertical velocity of these currents in order to support the 

bird should be i\/ -7-^ ; 17 feet per second for these, at least; bung 

a velocity equal to their ultimate rate of falling. Such currents 
cannot often occur. 

In cyclonic weather there is supposed to be a general upward 
current of the air, but it probably does not exceed 6 inches per 
second, and birda notoriously fly best in anticyclonic weather, 
when the very opposite conditions prevail 
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Note on Certain Remarkable Volmne BSeots of Mag- 
netisation. By ProfesBor Oargill Q. Knott, D.Sc, and A. 
Shand, Esq. 

(Read May 18, 1892.) 

In Jnne of kst Tear one of lu gave before the Society a short 
account of certain preliminary experiments on the volame effects of 
magnetisatioa* These experiments had been made in Japan ; and 
the results obtained evidently called for a more thorough investi- 
gation. The facilities of the Physical Laboratory of Edinburgh 
UniveTsity were Mndly placed at oar disposal by Professor Taii 
five tabes of Swedish iron, all cut from the same original bar 
but made vith different bores, were prepared for study in much 
the same manner as formerly. Many experimental difficulties 
eacounteied ua; and only now have these been satis&ctorily over- 
come. For it must be lemembeTed that the effect to be observed is 
very minute, and can be measured only in one way, viz., by the 
motion of the meniscus along the narrow capillary tube which is in 
connection with the iron tnb«^ the whole being filled with fluid. 
Bat such an arrangement is obviously a very delicate thermometer ; 
and, as a matter of fact, we have seldom got the meniscus really 
steady. Generally it is moving at a rate which, though as inappre- 
ciable to the naked eye as the motion of an hour hand, is only too 
evident under tbe microscopic power necessary for the observation 
of the magnetic efibct 

To diminish the temperature effect upon the liquid contained in 
tbe tube, we ased Professor Taif s device of filling up most of the 
volume by a hollow glass bulb nearly the same length and width as 
the bore. But there still remained the effect of temperature upon 
the iron walls. At first it might be supposed that with the three 
subetances, iron, glass, and liquid, it would 'be a comparatively easy 
matter by calculation to so adjust the size of the glass bulb to the 

* "Oa the Effect of Longltadinal Magnetisation on the Interior Volame of 
Iron and Nickel Tnbea," by Profbasor Knott, D.Sc., F.R.3.E., Proc Any. Soc 
Eiin., 1891. 
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Tolome of tlie iron tube as to compeuaate accurately foi the degree 
or two of temperature variation that migbt occor in the cooise of a 
single experimeat. But it is obvious that the iron tube will be first 
affected by a change of temperature coming in from without, and 
the glass last of all. Consequently, it seemed altogethei a vain quest 
to seek for anything like a perfect compensatioa 

The liquid finitUy chosen to fill the volume of the tube was 
vater. Mercury and coloured alcohol were both tried, simply to ba 
discarded ; the former because of its tendency to go by fits and Btarta 
in the capillary tube, the latter because of its high expandbilit;. 

Only one iron tube, No. L, has so far been satisfactorily 
experimented with. Bough bials with Tubes IL and HL ehow 
tfaat umilar effects are produced with them. The present note, 
however, lefeis only to No. L, which has the widest bore or 
thinnest wall of the five. The very interesting results obtained with 
it call for a brief description. 

On reference to the paper already cited, it will be seen that up to 
the magnetic fields used the internal capacities of the iron tubes all 
diminished. It was pointed out, howevu, that a maximum change 
seemed to have been about to be reached ; and, reasonii^; from the 
remarkable behaviour of the nickel tube, we might expect not only 
the existence of a maximum contraction for a moderate field, bat 
even a change from contraction to dilatation at higher fields. Such 
a result would not bs surprising in the light of Ur Bidwell's 
experiments on the changes of length of monetised rods. 

But the extraordinary fact to be noted is that, with Tube L, we 
get not only a single maximum and a chaise of sign in the dilatation, 
but three maxima (or two maxima and one minimum) and too 
changes of sign. It will suffice to give one set of measurements. 
Very similar results were obtained in all the really good experi- 
ments. 

The bore-apace filled by the wat«r during the experiment had a 
volume of 343'75 cub. cm., with a crosa-section of approximately 
8 sq. cm. and a length of nearly 42*7. The thickness of wall was 
■33 cm., the external and internal diameters being respectively 3'84 
and 3-19 cm. 

The tube when being magnetised was well included in the 
magnetising coiL 
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The magnetuing fields are ^veu in magnetic nnitB, and the 
chaugea of volume in the esperimeatal scale unit. To reduce to 
cabic centimetTeB, multiply by 2-23 x 10~'. To reduce to dilatatione, 
moltiply by 6-6 x lO^'. 
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+ 61-8 



+ 67 
+64-6 
+ 68 
+ 62 
+ 61-6 
+ 69 
+66-S 
+ 80-1 
+ 11-8 
-49 



Here, as will be eeen at a glance, the dilatation changes sign 
twice, first about field 20, and then about field 12a It attains a 
positive maximum about field 10, and again about field 400. The 
negative maximum is particularly sharp, and occurs about field 64. 
CompaiiDg these volume dilatations vith Mr Bidwell's lesnlts for 
linear dilatations in the direction of magnetisation, we may pro- 
visionally draw these conclusions. The linear dilatation (/i) at 
tight angles to the direction of maguetisatioQ is generally of opposite 
rign to the linear dilatation (\) along the direction of magnetisation. 
At low fields the lengthwise eloogation is nnmerically greater than 
twice the tiansverse contraction, so that the cubical dilatation 
(A + 3/i) is positive. Soon, however, as the field is taken stronger, 
the transverse contraction becomes nnmerically the greater, and the 
cubical dilatation changes sign. So long as the cubical dilatation 
remains negative^ the transverHe contraction hss the advantage. It, 
however, seems to paaa throi^^h a maximum and then diminisli, so 
that the lengthwise elongation agdn lecovera its superiority and the 
enbical dilatation becomes positive. Finally, since the cubical dilik- 
tation remains poeltive up to fields mnch higher than that at which 
the change in length becomes contraction instead of elongation, it 
follows that the transveise contraction must also change sign and 
become a tiansverse dilatation. In a general way we may say that 
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the linear dilatatione along and peipendiculai to the magnetie field 
tend to be of oppoaite sign. Where the one is positive the other is 
native. Each has a comparatively early mazimum, and each 
changes sign in moderate fields. Their manners of variation differ, 
however, in detail ; and hence arises the undulatoiy variation which 
has jnst been desciihed as characteristic of the volume changes of a 
particnlai iron tube under tiie infiuence of incraa^ng n 
forces. 
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On the PniTTiinaTit of the Eqnatioos of the Ellipse-QIlssetta 
By the Hoa. Lord M'Laren. 

{Read Jmte 6, 1S92.) 

The problem consista in the elimination of 9 from two equsdone 
which (after ezpreBsing cos^tfin teimfi of Bin*9) may be written 



CanBcoae + Ban^+a^coae + ^jfone + yj^O: 



whence, 



(ai + <.j)cO8fl + 09i+^s)Binfl + T, + Y, = 0: 



(1) 

(2) 



(3) 



Aa only two of the eqnatione can be used, the elimination will be 
effected by means of (2) and (3), naing the relation cos^tf + sin^d^l, 
where necessary, to snpprose the term of cos'. 

The original equations include fire terms, aad it is proposed to 
find the determinant of the 6th order; the first step to which is the 
fonnation of a determinant of the Sth order. 

Patting X for cob &, and Y for ein 6, we have 
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The detenoinant consisting of the first eight rows is a solution, 
but is too high, beio^ as will piesently be seeo, of ths 9th d^ree 
Id the coordinates of the curve. The detenninant of the 6th order 
consists of the first four rows and the last row, or (2), (3), (4), (6), 
and (6). Id applying the dialytic method, sa has been done to Qie 
solution of the present case, I bad the choice of nine equations of 
the 3id degree ; and the selection from these was determined by 
two conaidentiona : — 

\d. In order that the terms of the 3rd d^ree might be made to 
disappear without unduly raising the degree of the eliminant, it was 
found that the second gronp of equations should be formed in pairs 
by multiplying two equations of the first group by X and Y reepec- 
tively. This is a condition which seems to be generally applicable 
to problems of eliminatioa 

2nd, In order that the eliminant shonld have on absolute term 
(as required by the conditions of the case), it was seen to be neces- 
sary that the constant part of its terms of XT and Y* should not be 
the same for equation (2) and the resulting equation (6) ; because 
if the constant terms be equal with like signs, the whole function 
will vanish identically, 

These conditions determine that the second group of equations 
should be formed from (2) and (4) by multiplying these functions 
by X and Y successively. [If we were using (1) or (2) with co^O 
instead of Mn*fl, the second gronp would be formed from (5), which 
would then have the sign of X* negative.] 

In the preceding table, (/) is formed from (&) and (c), (^) is formed 
from {d) and (e), and (6) is (/) - (p) : the resulting equation (6) 
being only of the 2nd degree. The equations (2), (3), (4), (5), and 
(6) constitute the required determinant of the Cth oider. 

An equation conjugate to (6) may be formed by suppressing sin^ 
in the original equations, and proceeding ss above. 

A partial expansion of the quintic determinant gives the follow- 
ing eliminaut : — (A) 

(oA-/3/(-fBv){Bv3 +aX>* + ;8XV+TA - BX^ - aV^ - /3/a^ -yW} 
-H(^X + a^-Cv){CXV +o^v>-t-aXV + /3XjJ'-Cv» -j0A» -2y^v } 

+ (CX - y/i) {CX/*' + jSXV + /3;iV - BX*/* - B/*>* - CXi^ - yXV - y^* } 
+ (B+7)X . {BX" +Cp^ + y)? +y\^^ --B}^ -CXy-aX'y - a^Sr} 
+ Cv-af>.) {2BAfiv + CX*^ + aXV+<Mt* -C>*V-^^' -j8V } = 
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This eqnatioD has been developed in two difierent combinations, 
and the reeolts compared and found to agree. 

Instead of fonning the determinant of the 6th order from that of 
tiie Sth ord^, as above given, we may form the 5th row directly 
from the rows marked (2) and (4), as follows : — 

Bjr eliminating snoceseively the lat and 2iid terms between these 
rows, we form the two eqoatione 

(Bfi + CA)XT . + (B» + a\)X + \/3Y + (yS + y)A - 

(B;. + CA) Y» + (a^ - C.-)X + ^^Y + (y/i - CA) = . 

Bf subtraction, — after multiplyijig tbe first equation by T and the 
second by X, — we obtain the Sth row, being (6) of the tabular series. 
The operation is essentially the same as that already performed. 

The determinant may be reduced to tbe 4th order by eliminating 
one of the higher terms between the let row and each of the others 
successively. But this is really a retrograde step ; because in the 
development, the number of terms is greater than, in the preceding. 
Apparently, to obtain the best results, the order of tbe determinant 
onght not to be leas than the unmber correaponding to the number 
of terms of tbe original equation. 

The equations of the glissette, as given by Professor Tait {Ptoe. 
Roy. Soe. Edin., voL xvii. p. 2), are 

a;-»-«w(e-a) = (a»coB«fl+ fiaainV)' .... (a) 
l/-r8in(tf-a) = (6»coe=tf+a*Bin»tf)t .... (ft) 

By expansion, and putting r cos a =p, r sin a =• ( - g), and expreseiDg 
co8*tf in terms of Kt?$, these equations become 

-(a*-fc*-;)" + 8»)8in*fl + 2pgcOBfl8intf + 2pa;cose-2ga:Binfl + (i*-p*-iE2-0 1 
(oS_6S_pS + g2)Bin»e-2p2coeflsintf+22y cose + 2;)ysintf+ 6^-2* -y'«=o/ 
Also 

2(pE+(;y>oosfl + 2(p3f-^)sintf + a* + tS-p>-Q'-a^-y*-=0: 

Comparing these questions with the genemlised expressions (1), 
(2), and (3), we have 

B -a«-ftS-p!' + 2»; C = -2^^; 

X=2(pa;+jy); /* =2(py-yx); 
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\ and > are of the 2nd degree in the x-anA-y cixirdinatea of th« 
ourve. a, )3, X, and ^i are of the let degree in theae cooidinatea. 
B, C are functions of conatantB only. 

These valuee being compared with the detenninant, it is seen 
that tlie eliminant ie of the Sth degree in x and y. The subjoined 
tables give reBpectively the highest and lowest indices of the 
coordinates, x and y, for each term of tbe determinant : — 
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The first table shows the eliminant to be of the Sth degree. 
The absolute term is given by the zero indices of tlie second 
table. It is included in the term (B'' + C^)v*, of which the absolute 

partis 

This quantity may vanish by either factor becoming =0, when 
the curve passes through the point of intersection of the guides. 
For the case of a* + 6*— p*+2*, the curve has its principal axis 
in the 1st and 3rd quadrants. The other case apparently lepre- 
sentB a curve whose axis of symmetry is in the 2nd and 4th 
quadrants. 

A solution has been given by Dr Mulr in the current volume 
of the Proeeedingg, vol. xix. p. 25, which was obtained by a 
different process. His eliminant as first obtained is of the 10th 
degree; and the extraneous factor being found, the equation is 
then reduced to the Sth degree, and expanded in terms of x 
and y. 

It is pioposed to verify the two solutions by comparing the con- 
stituent terms of the Sth degree in my solution with the corresponding 
terms as given by Dr Muir. The first step is to multiply out the 
factors of the eliminant above found, (A), p. 90, arranging the 
terms according to powers of the non-homogeneous elements y and y. 
The resulting expression is 
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(B" + Cy + (4CA^ - 2m' + 2B^')j.J 

+ 2{BoX - Cj8A + C<m - B^;.).^ 

+ (2XV' + m' + ^ V - 2("A' + »V + j8AV + B/t V 

+ (aW + /S",.' + PK' + aW 

+ (2BCV - 2B»X» - C*A= - (?/iV 

+ 2(B/3iV-B.^' + C/Si'-2BoV' + tV)' + 2(BX<-CM' 

+ BXV*-CV')7 
+ C'iV' - 2BCXV + B'X' + 2a^XV - P\V - a'XV - 2a^X,.' 
-<i'X'-/S'X'.0. 

The terou of the 8th degree in x and j( ue all contained in the 
first four lines of the preceding formula, and these only need to he 
expressed in terms of x and y. Snbstitating for n, /3, X, /i, in the 
above factors, and retaining only the highest terms of the expresdons 
which are represented by v", v*, yv', we have 

<B» + C^(zS+4aV+6**y* + 4irV + »*+ *«■> 
-{8(B(5!-y')-2Cre)i' + 16{0(p»-S>)-2BM)ri3, + 8{B<p>-g') 

*2Cj)5]y'}x(i^'+2j?y'+}«+ 4c.) 
- {8(0(3" -P^ + 2Bps)j!i( + e{B(3> -j>^ - 2Ci>i)j» } X (i» + Ws" 
+ 3«V + »') 
+ 16(p'+5<)'(z'*2j'!/'+»')x(j«+ «c) 
-320)'+3y(i%s + j')x(ir>}« + !)<+ *c.) 
*\<W* 3") Vj' + y*) X (a:" + 2a:>i,' + j" + etc.) +/,(iiy) 
+/.(«,?)+/',(»,»') -0. 
Observing that C — - 2p3, B = a*-6*-p* + 3", the coefficients of 
the powsrs are seen to be 
For 

^, (B' + C>)-(o>-i>-p>+g')' + (2y3)> -O 

«'», 8(C(j>"-3>)-2Bp3).-16m(«>-6') 
«"!)>, 4(B' + C> + 4B(f«-s<) + 4(p>+s<) + 8Cj)3) 

-4(0+4(p'-3'X<.'-J>) ) _ 
.4(a'-i>+p'-3')' + (4p3)' ) 
seV, -16j>3(a«-6«) 

»V. 6(B'+C') + 32B(y>-3") + 32(p'+3')" + 64CM-8r- 20 
^, +16p3(o"-6') 

«"ll", 4r -4r 

»»', +16f3(a'-S=) 

j«, («>-S>-3i" + 3>)'+(2j»i)' .... .0 

These are the same values which are found in Dr Muir's paper.* 

* There we two errata in the p«ge referred to (p. 27, belew the Tsble). 
Uee 8 ehoQld be (o'-*'+jJ'-i')'+(2jis)'; end the expression in the 10th line 
is meant to be equited to 4r. 
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Note on the Eliminaiion of betaieen two EqiuUioiu of the 
2nd Degree. 

In the case of the glissette problem one of the equations is of the 1st 
d^ree. With tvo geneial eqastions of the 2nd degree (a) = 0, 
(b)-0, and the relation coB^tf+sin'tf"!, we may form tun new 
conjngate eqaatioos in the fonn (6) of the glissette ajatem. To form 
the first of these, cos^d is transformed to avflS before raimng the 
equations to the 3rd degree. The terms of the 3rd degree are then 
eliminated between four equations of the fonns, (b), (c), {<!), (e) of 
that system. To form the conjugate equation, ainV is transformed 
before operating. A fifth equation is wanted, becanse we cannot 
use cos^+sin^— 1 without introducing an additional term. This 
equation is got b; ellminalang cos^ and the term independent of 6 
betweeu the cubic equations, and then dividing b; sin $, or vice verea. 

Supposing the term of cos'tf tranaf ormed, and the equations divided 
hj their absolute terms, the laat-mentioned equation will be formed 
as under, where X is pat for cob0, and T for sin$ : — 
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Subtracting (5) from (6) and dividing b; T, we form 
(.,«,- trt)X' + (<i*, - »A)xir + M, - 'A + «i - %)X + (», - WT + (cf, - rf,) - 

(^6,-e,S,)XY + (^-.,aJT'+|'';'^-_^|x4.<4,-6,)T+ j'i'^".'^}-0 W 
The other equations (formed aa above directed) are 

I o,.,-«,e,j y I «,'i.-«AlT>+(6,-5,)X+j».».-»^,JY f ».«.l .Q (,) 
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Tha coefficieatA in (a) (6) (e) (cQ (e) constitute the required 
detenninant of tbe Sth order, and the eliminant ia of the 8th ddgree. 

The eliminaiit of three general equations of the 3nd degree in x, 
y, z, may be formed in like manner : onl; in this case the coefficients 
are all of the 3rd degree, and are of the determinant form 
I o,, 6,. Ci I I oi, Ji. ^ I 
Oj. 5ji Cj Oj, o„ rfj &C, 

I "st *S> ■'S I I %! ^8> '^B I 

Two equations may be formed in the form (6) of the glisaette 
problfim, and two othen hj eliminating m and dividing by p, and 
couTersely. Any three of these together with the three original 
I constitnte a determinant of the 6th order ; and the 
i of the 12th degree. I have voiked out the general 
solution, bat it is not necessary to give it here as the method has 
been fully explained. 

As an example of the application of this method, I take the 
case of the locus of the centre of a generating ellipse moving in 
oontact with guides inclined at any angle, a. The equations 
(original and reduced) are 

a»cos»(^ - a) + 6'8in«(0 - a) - a? (1)1 

a»C0B«{^ + a) + IMn^l^ + a) = y« (2) f 

{a«-ft»)(coa2a.cosV + 8in2£i.einc^co8^) + (o'8m»B+6'co8'a)-a!* = (1) 1 

(a* - 6*X"»2o.co8V -8iii2a.Bin<^cos^) + (a*Bin*B + 6»coB*a) - y^ = (2) } 

Putting A and B for the coefficients of cos^ and sin^cos^ respec- 
tively, X for cos^, and Y for sin^ and multiplying by X^ and XT 
successively, we have the following scheme, which is of the 7th 
order, but is reducible to the 3rd :— 
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This gives a dsteiminuit of the 3rd order with (1), (2), and (9), and 
the mdaced eliminont tabes the form 

(B^ + A»)(a:' + y*) + 2(B« - &?yi/* - B=(2A + 4C)(a* + j«») + 4mC(A + C) = . 

The cnrre coomta of four orals. When tlie guides are rectangular 
we have 

a-^; A-0; -R-ia^-V); C-\{a* + hi); 
and tlie equation leduoea to 



The orala are then attenuated to two coincident circular arcs, vhich 
is the known form of the locos of the centre of on ellipse moving 
between rectangular guides. 

Since this paper was in type, I have found that an equation 
equivalent to the equation (6) of the determinant given on p. 89 
may be formed by a method identical in principle with Beiont's 
syatem of elimination for homogeneous eqnatioDS. The original 
generalised equations may be stated thus — 

((C-A)X + Br + ai.}.X+{y3jY + yj + A!-0( ... (2) 

{-;OC + XY}.X+{vY + ;i}-0j . . . (3).Y 
-;3^}Y*+{(C-A)v + ;8jf.|XY-(-{yj + G},iX+{<4^ + B^iiY + aj;*-X(yi+A) = (-J 
The determinant may be arranged as under, where E is put for 
A-C:— 

Y> XY X Y (I) 



{■■ 

ifl) 

(c).V 

{c)x 

(d) 



T,+ C 



-X) ^ y . X 

-fi^^^' V.V, (y, + C)i^ nv + B/i, a^ - A(y, + A) 

This determinant may be reduced to the 4th order by combinii^ 
(2) successively with (3) (4) and (5), so as to caose the lat column 
to vanish ; and as the coefficient of Y' in (2) only contains the con- 
stant E (or A - C), this can be done without raising the degree of the 
eliminant. The eltminant contains eighteen compound terms, and 
when developed is, of course, identical with that previonaly found, 
as I have verified by a partial expansion. 
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Ptonudnes extracted froia. Urine in oertatu InfeotiouB 
Diaeaaea. By Dr A. B. Orifflths, F.R.S.E., F.C.S., Ac. 

(Read Jannar; 18, 1892.) 

The anthoi has extracted ptomaines from the arioe of patients 
Bofffiring from certUD iafectioas diseases by the followii^ method : — 

(a) A considerable quantity of nnne was made alkaline by the 
addition of a solution of sodium carbonate, and then agitated with 
half its volume of ether, (b) The ethereal solution (after standing) 
was filtered, and agitated with a solution of taitaric acid. The 
tartaric acid combines with any ptomaines present, forming soluble 
tartrates ; and the solution of tartrates forma the lower layer of the 
liquid mass, (c) The tartaric acid solution (after being separated 
from the ether) was also made alkaline by the addition of sodium 
carbonate, and was once more agitated with half its volnme of ether. 
(d) The ethereal solution (after standing) was separated, and the 
ether allowed to evaporate spontaneously, (e) The residue (after 
drying over solphuric acid) was treated with water, an ezcess of 
pnre calcium hydroxide added, and the mixture evaporated on a 
water-bath. The residue so obtained was treated with chloroform 
and filtered. The filtrate (after evaporation) yielded the ptomslne 
in an isolated and a crystalline condition. 

By this method the three following ptom^nes were isolated : — 



(1) From Scarlatina. 

The ptomaine is a white crystalline body, which is soluble in 
water. It has a slight alkaline reaction ; and it forma a white 
hydrochloride, a yellow anrochloride, a yellowiab white precipitate 
with phoaphomolybdic acid, a white precipitate with phosphotungstic 
acid, a yellow precipitate with picric acid ; and it is also precipitated 
by Nessler's solution. 

VOL. SIX. 20/S/92 8 
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Analyses of this ptomaline gave the followiog results : — 

PoP'^ CalcnUted for 



I. n. III. C^HijNO^. 

Carbon, . . . 39-91 4004 — 40-00 

Hydrogen, . . 8-20 816 — 8-00 

Nitrogen, . . — — 9-30 9-33 

Oxygen, ... — — . — 4266 

The above figures correspond with thp formula C^H^NO^. 

A ptomaine with exactly the same composition and properties 
waa extracted from pure cultivations of Micrococcta tcariaiiux in 
peptonized gelatine* by the following method : — 

The contents of twenty tubes wer« boiled with water, filtered, and 
the filtrate precipitated with subocetate of lead. This precipitate 
was filtered ofi, a current of snlphuretted hydrogen passed through 
the filtrate, and the plumbic sulphide separated by filtration. The 
filtrate was concentrated by evaporation, and then extmcted with 
amylic alcohol. The amylic solution was repeatedly treated with 
water, then concentrated, acidulated with Bulpharic acid and 
repeatedly shaken with ether, which removes the uxy^aromatic 
acids, freed fnm ether it was evaporated to a quarter of its 
volume, and thus volatile fatty acids were driven off. The sulphuric 
acid was precipitated by baryta, and the precipitate removed by 
filtration. The excess of baryte was precipitated by a current of 
carlxin dioxide, and this was also removed by filtration. The flnid 
was heated for some time on a water-bath, cooled, and precipitated 
with mercuric chloride. The precipitete was washed and decom- 
posed by sulphuretted hydrogen ; the mercuric sulphide was filtered 
ofT, and the filtrate concentrated. The hydrochloride of the ptomaine 
was Bubsequently deposited in the crystalline condition. It was 
dissolved in water, and then treated with pure calcium hydroxide^ 
which liberated the base. The ptomaiae was separated by chloroform, 
in which it is soluble ; and it was finally purified by washing with 
alcohol and water. 

* Tfaew Bubcnltures were ten weels old. 
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(2) FrOK DlPHTBBRIA. 

The ptoDiaiao is also s white ciystalline substance. It foima a 
vhite h;fdiochloride, a psie yellov aoiochloride, a yellow precipitate 
with tannic acid, a white precipitate with phoaphomolybdic acid, a 
jrellow precipitate with picric 'acid, and a brown precipitate with 
Nesalei's aolation. 

Analjsea of this ptoin^[ne gave the following results : — 







Found. 




Calcnlated for 




I. 


. II. 


IIL 


C„H„N,0^ 


CarboD, . . 


64-21 


_ 


54-30 


64-36 


Hydrogen, . 


6-66 


— 


6-49 


6-60 


Kitrogen, . 


— 


900 


— 


9-08 


Oiygen, . . 


— 


— 


— 


31-06 



Tie above figniea correspond with the foimnla CnHj^IfgOg. 

The same ptomune was extracted from fifteen tubes containing 
pare cultivations of Bacitlvs diphiherim* on nutrient agar-agar, 
which had been kept at 36°-37° C for twenty-oue days. The 
method used for extoacting and pnrifjing this ptomaine was the 
■une sa the one which has been already described. 

' (3) Frou Parotitib (Mumps). 

This ptomaine was extracted from urine in a case where the 
kidneys were involved, and the parotid and sub-maxillary glands 
were both affected. It crystallizes in white prismatic needles, 
which are scduble in water, ether,- and chlaroform. It has a 
neutral leaction and a slightly bitter taste. This base forms a 
yellow crystalline platinochloride, a pale yellow anrochloride, and 
a white crystalline hydrochloride. It combines with phospho- 
molybdic acid, forming a golden yellow precipitate. This ptomaine 
prodoces a white precipitate with phoaphotungstlc add, a slight 
yeUow j>recipitato with mercuric-potassio iodide, a brown precir 

* Badllna Na S of KlelM and LbfQer, which \a the tame u Kleiu'a Baeillua 
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pitatfl with iodine Bolutioa, and a flocculent precipitate with picric 
acid. 

Analyses of this ptomuae gave the following reanlts : — 







Fonnd. 




Calcnlited for 




I. 


II. 


IIL 


C,H„N,0, 


Carbon,. . 


. 45-34 


_ 


45-29 


45-28 


Hydrogen, . 


. 8-22 


— 


8-20 


8-17 


Nitrogen, . 


. 26-39 


26-42 


— 


26-41 


Oiygsn, . 


• — 


— 


~ 


20-12 



Tlie above figtues coTrespoiid with the formula CgH^NgOj. 

(a) When this ptomaine was boiled foe a few minutea with 
mercuric oxide, it yielded creatine (methylglycocyamine) according 
to the following equation : — 

CaH,jN,Og + 30, - C«H^sO, + SCO, + 2HjO. 

On cooling the eieatine crystolliud out in cdonrlees rhombic 
pTisma. These crystals were soluble in water, very slightly aolnble 
in alcohol, and insoluble in ether. When heated alone they gave 
rise to ammoniacal products. An aqueoiLS solutioa ot the crystals 
was nentral to test papers, and on the addition of zinc chloride a 
crystalline precipitate wss formed. These teactiona are characteristic 
of creatine. 

(b) When this ptomtdne was boiled for a long time with mercuric 
oxide, it yielded methylgoanidine and oxalic acid, i.e., it was fiist 
converted into creatine (as already stated), and finally the creatine 
yielded metbylguanidine (methylaramine) and oxalic acid : — 

C,H,NjOj + 0, = CH,(CHj)Nb + C,HjO,. 

By the addition of pure milk of lime to an aqueons solution of 
the crystalline mass so formed, calcium oxalate was precipitated ; 
and after standing and filtration, the lilbrate contained a subatance 
which was very deliquescent. Solutions of this substance were 
precipitated by «alta of copper, lead, and iron (ferric); and when 
heated with baryta there was a distinct ammoniacal odour, no 
doubt due to the fonnatiOQ of ammonia and methylamine. From 
these reactions, the author concludes that this decomposition product 
was methylguanidiue. 
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Thia ptomaine is theiefora related to creatine na well aa 
gnanidins, and is most likeljr prop;lgl;coc;amiae : — 

UiN - ^<-jj(CbHj) - CH, - COjH. 

Thifl ptomaine is poisonous. When administered to b cat it 
produced nervous excitement, cessatioii of the salivary flow, con- 
Tulsions, and deatli. 

The three ptom^nes described in this paper do not occur iu 
normal urines; they are, therefore, produced within the body during 
ths courses of the diseases. 
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On a CrTBtaUine G-lobulin occurring in Human Uiine. 
By D. Noel Paton. 

(From the L&bontory of the Bjojal College of Phyiieiitii of Edinbargh.) 

(Bead Manh 7, 1892.) 

In October 1890, Dr Bramwell sent to the Laboratoiy a small 
qnantity of urine, vith a request that I ehould give him a report 
upon it. To him I am indebted for the oppoitunitf of making the 
seriea of obaervations here recorded. 

On examination, I found that the amount of pioteid was enonnons, 
and that it waa made op almost entirely of a globulin :— 

Total proteidn, , . S'OO 

AlbnmiD, ....... 0-08 

Globulin, 1-B2 

This condition of the urine persisted, with only alight chaogea, 
until the death of the patient. 

The results of the analyses made at different dates are g^ven 
below. 

November 24, 25, mid 26, 1890. 





24.11 

n P.M. 


25.11 

12 BOON. 


26.11 

apM. 


26.11 
11.80 P.M. 


26.11 

7A.H. 


ToUl protwds. 
Albumin, , . 
Globulin, . . 

Albumin, . . 


i-80 


2 '000 
0'087 
1-813 
0-046 


1-500 

0-087 
1-418 

0-061 


2-600 

oieo 

2-340 
0-068 


S-260 
0-180 
3-120 
0-044 



The alight rise in the quotient towards the end of the day cort«- 
sponda to what has been found in regard to the inflnenca of food 
on the proteids in ordinary Bright's disease (Lecorclie and Telamon 
and Noel Baton, Bra. Med. Jour., vol. u. 1890). 
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June 1891. 





IS.6.91 


ir.8.91 


22.S.91 


ToUlproteida 

Albumin, 

Olobttlin, 

Albamin, 

AlobulU., 


0-M8 
0-022 
0-426 
0-06 


0-8 


4-40 
0-02 
4-38 
0-004 



The patient was recovering from a prolonged attack of diaithcea, 
■ad in the beginning of June waa extremely ill, taking little nonriati- 
ment, and preBumably absorbing less. Under treatment, his con- 
dition improved as the month advanced ; and with the improvement, 
the globulin in the urine increased. 



September 30 (2.30 p.] 



,), 1891. 



Total prateidii, 

Albaoiia, 

Globniin, 

Albnmin, 

aiobnlin. 

The specific gravity of this nrine was 1036, and, after the 
Bepoiatioa of the ptoteide, only 1007 '5. 

. The patient was in a good state of health, and taking a fairly 
generous diet. 

December 2, 3, 4, and 5, 1891. 





2.12 


3.12 


4.12 


G.12 


Total proteids, . 


8 '66 


8-86 


4-02 


3-82 


Albumin, . , . . 


003 


0-07 


0-084 


0-D88 


Globulin 


8-83 


8-79 


3'gG6 


8-732 












filobulin, .... 











A full account of the clinical history and pn^ress of the case, and 
of the pathological conditions observed, poet-mortmn, has been 
published by Dr Bramwell in his Alku of Clinical Medicine, vol, L 
pk 170, It is sufficient to state here that the patient had no symptom 
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of tenal disease, and that after deatli the kidneys were normal except 
for a small degree of cirrhosis. The livei was slightly cirrhotic 
and intensely fatty. 

My obserrations are confined to the determination of the nature 
of the globulin and to the investigation of its source in the body. 



(a) Natdrk op tai Globulin. 

MeSuiA of Preparation To dstenniiie the tintare of the globulin, it wu 

pKolpiUted from the urine with BHlphate of anmonu. The precipitate wu 
thrown on a filter-psper, md wuhed with ha]r-wturHted sulphate of (.maouia 
■olation. It wae then placed in k saosage-paper of Triable parchmeiit, 
B few plecea of thymol being added, and dialyaed for foar or Gve days in 
rmming tap water. Finally, the dUljsia was carried on for forty-eight hoon 
into distilled water, which was frequently changed. The globoUn predintated 
inside the paper was remoTed and repeatedly washed with distilled water by 
decantaCion, until no reactiin of proteids or sulphate could be obtained faun 
the wash- water. 

The precipitate thos obtained was white and crystalline. 

Spontaneous Cryslallieation of Glohuiin. — Bnt a most unexpected 
opportunity occnrred of stadying this globulin. Dr Bramwell found 
that if the urine was kept, sometimes after a day oi two, sometimes 
after weeks or montha, a copious white precipitate formed, which 
when miied with the Bupematant mine, gave it the appearance of 
watered silk. 

On microscopic examination this deposit was found to be com- 
pooed of elongated rhombic crystals, lying either singly or in 
rosettes. 

These crystals are much lai^ger than tyrosin crystals, and, instead 
of being aclcular, terminate in a characteristic angulated extremity. 

That these crystals are the globulin substance is shown, not only 
by their being identical in all their characters with the crystalline 
globulins prepared by dialyses, but also by the following obeerva- 
tiona. 

The urine of September 30 was examiaed on October H, A 
small deposit of crystals had already formed. These were filtered ' 
off and weighed, and the proteids in the filtrate estimated. Some 
of the filtrate was set aside till the 27th, when a further crop of 
crystals had separated. These were filtered off and weighed, and 



■ Google 



1891-62.] D. Noel Paton on CrystaUirie Globulin. • 105 

the proteids of the filtnte Bgain detenniaed. Again, some of the 
filtrate was set aside, when a further deposit of crjrstals occurred ; 




and oa the SOth the crTBtoIs and proteids were again estimated. 
The resalta ma; Im presented in a tabular form. 





OoL14. 


Oct 27. 


Oct. SO. 


SSr**' : : : : 

Nitrogen in aitraU b; Ejeld>hl, 


6 16 
0-4 

078 


4 -SO 
lO* 

0-80 


1-00 
870 



This table shows most clearly the development of the crystals 
from the protMd in solution in the nrine. 
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Chemieal Characters of the CryslaU. — A large qnanUt; of the 
crystals were prepared by decantii^ the urine, and dialynug the 
residue lor several days in aaasage-papera with runaiog water, to 
remove urea, ealts, &c. The crystals were then taken from the 
dialyeer, and repeatedly washed with distilled water by dectuitftti<m 
to remove all albomin and the remuns of the salta They were 
finally washed with absolute alcohol and ether, and dried over 
sulphuric acid. 

Ash. — The crystals, tbne prepared, are pisctically ash-free; the 
combusliou, at as low a temperature as possible, of 0'965 grm. of 
crystals dried at 110° C. yielded no weighable amount of ash. 

Water of Crytiallisaiitm. — To determine the water of crystallisa- 
tion, the crystals were washed with alcohol and ether, and were then 
dried over sulphuric acid at the ordinary atmospheric pressure, until 
the weight was constant. They were then dried at 110° C. until 
the weight again became constant. The percentage loes was, in two 
specimens, 6'01 and 6*6 per cent 

Griibler found that air^lried crystals of vi^elable globulin lost 
10 per cent, at 110° C. 

General Seadivne. — The crystals are insoluble in distilled water; 
soluble in dUute solutions of chloride of sodium and sulphate of 
ammonia ; soluble in hydrochloric, in sulphuric, and in acetic acids; 
soluble in potassic hydrate and ammonia. As the ammonia evapo- 
rates off, the crystals are sometimes reprecipitated. They are in- 
soluble in hot water and in absolute alcohol They give the 
xanthoproteic reaction. When heated vrith strong sulphuric acid, 
they give a reddish colour. They give Liebermann's reaction with 
hydrochloric acid. They bum with the odour of hnmed feathers, 
and leave no ash. 

Solubilifi/.—The solubility of the crystals was tested in sulphate 
of magnesia, chloride of sodium and sulphate of ammonia. 

With chloride of sodium a saturated solution was required to 
prevent solution. In all dilutions the crystals were dissolved. 

In sulphate of magnesia solutions, the crystals were soluble in a 
93 per cent, solution, but insoluble in 100 per cent solution. 

In sulphate of ammonia the crystals were partially dissolved in. a 
16 per cent solution, and were freely soluble in greater dOutiona 
Temperature of Coagulation. — In solution in the urine, the globulin 
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) be precipitated at between 59° and 60* d and was 
completel; separated out at 63° C. 

When tbe pore crystals were dissolved in dilute solutions of 
nentral salts, the coagulatiou point varied Bomewhat with the nature 
of the salt employed and with the strength of the solution. 



Sulphate of ai 

Salphats of magneaium, . 

Chloride of aodiom, 



M'to 

68°.. 
68°., 



)°C. 



In all, however, whatever dilution was used, the coagulation point 
was under 60° C. 

The precipitate thrown down on boiling the orine is very 
characteristic. At first tbe usual milkiness appears, bat as the 
temperature rises the precipitate suddenly separates out in a Aringy 
fibrin-like mass, which adheres to tbe sides of the vessel or to tbe 
rod with which the fluid is stirted. When collected, this fibrin- 
like mass is found to possess a considerable degree of exteDsibility 
and elasticity. 

Tbe crystals are not precipitated from solution in dilute sulphate 
of ammonia by the addition of acetic acid. 

Compotilion. — ^The crystals were dried at 110° C. before they 
were analysed. 

For the determination of the carbon, hydrogen, and nitrogen, 
I bare to thank Iilr Murray, B.Sc, who was good enough to perform 
the combustions for me in tbe Chemical Laboratory of the Univer- 
sity. The sulphur was determined by oxidising with caustic potash 
and nitrate of potash, and precipitating the sulphates with baric 
chloride. 





I. 


II. 


III. 


IT. 


T. 


VI. 


VII. 


Aversge. 


c 

H 

N 

a 




61-83 
6-83 


61-97 
«'93 

;;; 


181 


19-03 


1-197 


1-5H 


123 


61-89 
6 88 

18-08 
1-2* 

23-93 


' 












... 
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I believe that this is the first occasion on which a pure crystalline 
globolin from the animal body has been procured and examined. 
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A campariBon of its compoaition with tlie globulins derived from 
plonte, which have been so carefully studied by Chittenden and 
Hartwell, by GiUbler, Ritthausen, and Barbieri, shows a smaller 
amoimt of nitrogen and a larger amount of solphur in the globulin 
than occurs in v^etable globolins. (See Jovmai of P^nioiogy, 
1890, p. 440.) 

A comparison of the composition of this pure crystalline ash-free 
globulin, with Hof meister's analysis of crystalline ash-free albumin 
{Zeitsdi. f. phya. Chem., Bd. xvi. p. 189), is shown in the subjoined 
table :— 





AUramin. 


GlobuUn. 


c 


GS-ES 


6:'89 




7-26 


6-SS 




IS 00 


16-06 




1-00 


1-21 


0, 


(23-37) 


(28-93) 



The globulin is thus poorer in carbon, but richer in nitrogen and 
sulphur. 

When compared with Haroack's amorphous ash-free albumin 
(Biw. <f. deuUche chem. Gesdl., Bd. xxiii. pp. 40-43), the difference 
in the amount of sulphur is rather in the opposite direction, Har 
sack finding a mean of I '9 1 per cent 8 as the result of bis 
analysis. 

Myosin, according to Euhne and Chittenden {Zetitck. f. BioU, 
Bd. XXV. p. 358), has the fallowing composition : — 

C 62-76 

H, 7-12 

N 16-86 

S. 1-26 

22-97 

Fibrin agrees fairly closely in composition with myosin (f oni- 
mamten Pftiiger't Arch., Bd. xxii. p. 484) : — 

C, . . 62-68 

H, . . . . ■ ... e-8S 

N, 16-91 

S 1-1 

22-18 
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They appear to contain more carbon and nitrogen than thia 
globnlln from the nriue. 

It IB nnnecesaary here to enter npon a discnsBion on the recent 
litenttnro on the cryatalliBatinii of Tarioas proteids. An admiiable 
i£aam6 trill be found in Bonges' Phyaiologieal Chemiitry (translated 
by Wooldridge, p. 64). 

Hdtdionakip to kTiown Qlobulirts of ArUvtai Body. — It ie difficult 
to identify thia ptoteid with any at thoae known to occur in the 
animal body. 

It undoubtedly belongs to the group of globulins of which 
Myoeinogen, Fibrinogen, and Halliburton's Hepatoglobniin are 
membeTB, agreeing with them in its temperatnie of coagulation. It 
differs from Myoeinogen in its solnbility in more concentrated solu- 
tions of sulphate of magnesia and chloride of sodium, and in its 
not precipitating on the addition of acetic acid, and in the absence 
of any tendency to form Myosin. 

From Fibrinogen it differs also in its greater solnbility in neutral 
salts, and from the absence of any tendency to coagulate as fibrin. 

Its distinction from the less known Hepato-globulin is less clearly 
defined, and at preseDt I am engaged upon an investigation on this 
substance. The inteuBB fatty degeneration of the liver, observed 
post-nunrtem, may point to some connection between the urinary 
globulin and that organ. 

None of these proteids have been described as occurring in a 
crystalline condition. 

That it is not connected with the Qlohin of the red-blood 
corpuscles seems to be indicated by its coagulation temperature. 
Hnmoglobin coagulates at 73° 0. 

That it is not Myoglobulin is shown by its lower coagulation 
point, and by the fact that it does not require saturation with 
sulphate of magnesimn to precipitate it from its solntions. 

Cireumttaneet determining GryHallisation. — The precipitation of 
the crystals of globnlin was usually delayed till some days after that 
on which the urine was passed — on many occasions it did not appear 
for several werks. 

Whether this deposition corresponds to a loss of acidity has not 
been definitely investigated ; but certainly the urine was markedly 
Mid, even after tiu depoution of the ciyatals had occurred, as is 
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shovn by the following examiaatioti of tbe tjriae of NoTember 25th 
and 26tli, after deposition of crystals : — 

Addity in per cent. Oxalic Acid. 

Novnabtr 2S, 11 A.l( 0-1S12 

„ flp.M 0-176* 

„ „ 11.30p.il, . . . . 0-SMfl 

a«, 7 A.M. ; ■ . . . . . O-SMl 

Again, on the rue occasions apon which ammoniacal decompoei- 
tion occnired, the crystals did not fomu 

The amoant of globulin held in solution is enormous whan com- 
pared with the amount of inorganic aalti of the urine. On Decemher 
2nd these amounted to 1*475 per cent, and it ia probably on this 
account that the globulin separatea out, just as it does in the dialyeer. 
A fall in temperature does not appear to be the factor bringing abont 
crystallisation, because, while nndoubtedlj very copious precipitates 
of crystals were got in nrine kept in ice, Dr Bramwell notes that a 
Urge precipitate appeared in the urine of June 10th on the day after 
it was passed. 

Re»igtance to Ammoniacal DeamtpoaUon. — One point worthy of 
notice is the great resistance to the ordinary processes of decompod- 
tion offered by a urine so rich in proteids. Uany specimena were 
kept standing for weeks on the Laboratory table without nndergoing 
ammoniacal fermentation. The globolin undoubtedly exercises an 
antiseptic eflect 

(&) SoiTBOR OF TEB GlOBDUK. 

Relationahip to Blood Plasma. — Having studied the nature of the 
globulin, it next became necessary to investigate its mode of pro- 
duction. 

Have we to do with a simple tranendatjou of the proteids of the 
blood plasma I 

Lecorche et Telamon {Traite de VAlbaminurie, Paris, 1888) and 
Estelle maintain that the proteids of the urine in albuminuria occur 
in the same proportion in which they exist in the blood plasma. 

In another paper {Brit. Med. Journal, vol. ii. p. 197, 1890) I 
have shown reason to doubt their results, and have aigned against 
the existence of any proportion between the relative amounts of the 
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proteida ia the urine and in the blood pUsma. The preeeDt case 
appealed to afford a good opportunity of testing this point An 
attempt was made to piocnre a anfficient quantity of blood with the 
wtificial leech to allow an analysis of the serum, bat was uusoc- 
cessfuL 

The patient, who all along showed a deep interest in the scientific 
aspect of his case, accordingly blistered himself on November 15th, 
1890, and on the 16th the blister was opened, and about 2 cc. of 
semm were obtained. 

An analysis of this showed : — 

ToUl protaida, . . . 6'5 

Albamin, 
Globulin, 
Albamin, 
Globulin, 

Bucbardt has already shown that in such efrnsions the proportion 
of proteids corresponds to that in the blood serum — the proportion 
of semm albnmin being somewhat greater. 

On the same day the urine gave these results : — 





Gravimitrio. 


EiWb. 


Totol proteid., . . . . 

Albumin, 

GlobuUn 


1-4 
00 

Vi 


l-i6 

trace 
1-4S 



In this case the proteids of the nrine showed no relationship to 
the proteids of the blood serum. With the small amount of sernm 

at my dispoeal it was, of course, impossible to investigate the nature 
of the globulin present in it. 

Mtihoi. — To estmuite the protcide gisTimetriciLlly, the total proteids ivere 
firat determined by boiling, and adding a drop of acetic acid and a drop of 
Mturated solution of BcetiCe of aoda. This brought down .a fiim ropy pre- 
dpitata, which could readily be collected on a weighed filter-paper washed 
with distilled boiling water, absolute alcohol, ether, and weighed. 

Tlie globulin was precipitated by the addition, to a known Tolume of the 
nrine, of an equal Tolume of saturated solution of sulphate of ammonia ; 
the mixture was allowed to stand twelve hours, then thrown on a dried filter- 
paper. The proteid of the filtrate, i.t., the albnmin, wu estimated by pre- 
cipitation b; bailing, the precipitate being washed frequently with boiling 
water to remove all the ammonia salt, then with alcohol and «thcr, and 
weighed. The globulin was determined by difference. 
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To npante Ota globoUn by Esbach's natliod, fnlpbate of migM«i» «raa 
UMd, aiDce inlpbftte of MnraanU canm a precipitate with picric add. 

The rMults by tlieM two methodB corraipoiided doeel]', na ii ■hoiru b; ths 
preceding tables. 

Since the abore was written, a paper b; Crat^Tj (Deulsehe Areh. 
f. klin. Med., Bd. xlviiL p. 368, 1891) bu folly confinned my 
prerioiu oooclaaions, and the nstilt amTod at in the present case;. 
By an extended series of observationa Csat^ clearly shows that th« 
proportion of albnmin and globulin in the urine bean no proportioa 
to theit relative amounts in the blood senim. 

Metaholism. — A qnantitative estimation of the proteids of tho 
ntine showed that the patient was passing, on many occaaions, 
between 60 and 70 grammes of these substances per diem. 

Since this is an amount of piot«id which, according to the results 
of the older observera, would be almost sufficient for the daily wants 
of a healthy man, or, according to the more recent results of Hirech- 
feld and Klemperer, is far more than sufficient, it became a matter 
of importance to study more carefully the changes in the metabolism 
which accompanied this great lose. 

The patient was directed to select for himself a diet to which ha 
was to adhere for four days. £ach article of diet was roughly 
weighed, and a specimen diet was sent to the Laboratory for exa- 
mination. From this a calculation of the amount of nitrogen taken 
was made. The total urine of each day during the obserrations was 
sent to the Laboratory, and was examined for the amount of pioteids 
and the amount of nitrogen after the separation of the proteids. 
This was done by ^eldahl's meUiod. From this the nitrogen in 
the proteids and the total nitrogen of the urine were calculated. 
The following table gives the results of this observation. The 
amount of nitrogen in the food was calculated from diet tables, and 
is approximate. 

These tables show that the patient consumed daily during this 
experiment about twice the ordinary amount of proteid food — 30 
grms. of nitrogen corresponding to 187-5 grms. of albumin. It 
should be mentioned that daring the experiment he was taking 
rather more than his usual diet. 

This large amount of proteid diet was tolerably well absorbed — 
between the nitrogen of the ingesta and that of the urine there was 
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Diet. 





Amount in 
grmfl. 


Per cent, N 
aaBuiBor 


Total N in 
grm«. 


Ito»d, 

PoUtOM 

8ii)i»r, 

Butter. 

Milk, 


IBS 
GSO 
121 
21 
ISO 
40 
80 
21-30 


1-3 

2-7 
1-9 
*-6 
0'38 

O'-B 
0-8 


2-2 
12-8 
2-3 

1-1 
0-5 

'6-2 

12-2 








80-8 



Total nitragen of iDge»t& aboat SO gnns. 

EXCKBTED. 



Date. 


Nor Urine not ProUid. 


i 


NinProteidB 
18 par cent 


Totals 
of 

Urine. 


of Urine 
inccB. 


Percent 


In 24 hours 
ingnne. 


2. 12.91 1680 
8. „ „ 2000 
4. „ „ 1750 
fi. „ „ 1740 


■84 

■87 
■88 
■87 


14 U 

17-40 

15 40 

16 ■lO 


ei-*8 

77-20 
70-36 

ee-47 


10662 

13 -120 
11-969 
11-300 


24-692 

30-624 
27 -360 
20-403 


AMMgB, 1792 


'See 


15-B 


68-87 


11-732 


27-234 



a difference of oaly betweeo 3 and i grms., i.e., between 10 and 13 
per cent, very little more than the reanlta of Buhner show for a 
healthy man. Of the 170 grms. of proteida absorbed, only 97 
gnns. were changed to nrea, i.e., about the auouut which, according 
to Yoit, is required for a normal diet. Corresponding to the re- 
mwning nitn^n, we find the excretion of 69 gnns. of the globulin 
aubstance. 

Was this 69 grms. of the proteid of the food retained to make 
good the loss, or was it, having undergone some change in the liver, 
ezcieted as a globulin with the characters above described 1 

That it is derived, somewhat directly, from the proteids of the 

VOL. XIZ. Sl/9/92 H 
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food BeemB to be indicated by the Bm&U amoimt passed, when a null 
atnoant of proteide were beinK absorbed (see p. 103). But since 
only percentt^ amounts, and not the total amoant of twenty-four 
hours, were obtainable, no definite coucltuions can be based on 
these figures. 

A careful series of esperiments on the influence of different dieta 
and of muscolar work would probably hare thrown ralnable light 
on the nature of the condition ; and such a series of experimeDta 
had beeu planned and arranged for when the patieut'a death super- 
vened. 



AHALT8B& 
Feretnlage Com^piailioii. qf Qlobutin — 
tot the oBrbon, b jdrogen, and nitrogsii I mm indebted to Hr Hurray, B.3e., 
of the Chemical Laboratoiy of the UaiTenity. 
StUpKuT— 
Exp. L O-SSa gma. crystds dried kt 110° C. fii«d with £H0 and 
NaNOg— 

BaSO. -0-029 
8 - 0-00S9S7 

— 1*197 per cant 

Bzp. II. 0-S78 grma. erystali dried at 110° C. fused with EHO aad 
StSOg- 

BaSOt - 0-OI3 
S - 0'00Gfil2 

— 1-314 per cenL 

Exp. IIL 1-7SS gnus, cryatals dried at 110° a foswi with EHO and 
NaNO,— 

BaSO. - 0-lU 
S - 0-02172S 

— I'SS percent 

Nitrogai of Urine not Proleid — 
Dec. 1. Proteids precipitated by boiling and 6 cc. or filtrate boiled with 
HjSOj and Hg, and N. esUmated according to Argatinaky'a 
tnodiScatioQ of ^jeldahl's method (I^/Kger't ArA., 1880)— 
N - 0-13 grm 
— -84 per cent 
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Dm. 2. Scran, of flltiitfl— 

N - 0-0485 (trm. 
-0-87 percent 
D«e. 8. 5 ccm. of filtrate— 

S - 0-044] gnu. 
-0-882 
I>ec. 4. G com. of filtnte— 

N - 0'0481 gna. 

- -aas pw oeut 
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On the Blood of the Invertebrata. By A. B. Grifflths, 
PLD., F.R.S.E., F.C.S., &c. 

(Bead Jul7 4, 1892.) 

Iktrodttotion, 

The blood of the Invertebrata, like that of the Veriebntta, 
is not homogeneous. It consists of a tmnHparent or gemi- 
transparBnt liquid, and a nombor of small, solid corpuscles which 
float JQ it 

la the higher animals the corpuscles are of two kinds — red and 
colourleas ; but in the Invertehraia there are, as a rule, only colour- 
less corpuscles. The red blood of Annelids is different from the 
red blood of Vertebrates, inasmuch as the plasma is coloured, and 
tiie corpuscles are colourless in the former,* while in tho latter the 
plasma is colourless, and there are present coloured and colourless 
corpuscles. 

The corpuscles in the blood of the Invert^mtta are of different 
sizes, and the size varies greatly in the same individual Their 
form, however, is generally spherical, and their eniface has a rasp- 
beny appearance. 

In the higher Invertehraia the blood clots after a variable period 
of time. Haycraft and Carlier f have recently examined the coagu- 
lation of the blood in certain Invertebrates. According to thdr 
investigations " the clot is formed, at any rate for the greater part, 
by the welding together of blood-corpnscles. These throw out 
processes which interlace to form a solid mass." 

Although the blood of the Invertebrata contains corpuscles, its 
composition greatly varies. For instance, the blood of the lower, 
and some of the higher. Invertebrates is a watery fluid containing 
only a small amount of proteids. This kind of blood has been 
termed hydrolymph. But in the m^ority of the higher Inverte- 
brates the blood is less watery, and much richer in proteids. This 
variety of blood is called hEcmolymph. The distinction between 

* Thsre are a few exceptians to this general itBtament. 
t Proe. Boy. Soe. Sdin., vol. iv. p. 428. 
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these two Tarietiea lies not on]y in their composltioD, bat also in 
the phTsioli^cal functions which they perform. 

The hjdiolyinph carriea aatiioient to the tiasnee and organs, aad 
removes waste prodncts. As a rule it has no respiratory function ; * 
for in those animals which possess blood of the nature of a hydro- 
lymph the gaseous excbaoges occur directly between the tissues and 
the surrounding medium. 

The hemolymph has not only a nutritive, but also a respiratory 
fuDction, aud it frequently contains respiistory pigmeats. 

In the blood of the Vertebrata there is only one respiratory 
pigment — hramoglobin. In the heemolymph of the Invertebrafa 
there is not only heemoglobin, but several pigments of a respiratory 
natnte; for iostance — hfflmocyftmn,t hfemerythrin, chlorocruorin, t 
pinnaglobin,§ and probably other pigments or proteids, which may 
have a Bimilai function. 

ITte Blood of EchinodermB. 

The blood of these animals is a true hydrolymph. It is a thin 
watery liquid, holding in solution mineral matter and a small quan- 
tity of proteids, and in it float numerous amceboid corpuscles. These 
corpuscles have been described by Geddes, || and many of them 
contain varionsly coloured globules. Among these pigmento is 
UacMunn's ecluuocbrome,11 which has a respiratoty function ; but 
the mc^ority of these pigments ate lipochromes, and consequently 
have no respiratory function. 

Foettinger** has found hEemoglobin in the blood of Ophiaeti* 
virene (one of the Ophiuridea), and the same respiratory pigment 
has been found by Howellsff in the blood of Tkyondla gemmata 
(belonging to the Holothuridea). In the integument of many 

* In some EchinodermB, HacMnnn has proved the existence of a respiratory 
pigment in the corpusdca; bat, aa a rule, hydrolymph has do respiraUry 
fanction. 

t See Dr A. B. Oriffitha in Comptes Hmdua de TAaxdimU dts Samet*. X. 
ciiv. p. 496. 

t im., t cxiT. (May 80, 1802), p. 1277. 

3 im., tciiF. p. 8*0. 

II Ajvhivet de Zoologie Ei^pirimentaU et QintniU, t viiL 

T Quart Jour. Miero. Sri., I88B, 

■■ Zool. AraeigtT, 1888, p. *16. 

tt Studia/rom Biol. Lab. Johns Sopldnt UtUvertity, vol uL p. 284. 
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EchinodermB, MftcMunn* has found luBmatoporphyrin, wliich ia 
well known to be a decompositioa product of hemoglobin; and 
there ia no doubt that tiwue-respiralion plays an importaDt put in 
the lespiiation of thwe animals. Although echinochrome and 
hamoglobin have been found in the blood of some of these animals, 
the blood of others has no leeplratoiy function. 

We now consider the composition of the saline matter contained 
in the blood of the following Echinoderms : — ^aiangaa, Eekimu, 
Uraeier, and Solatter. The percentages of saline matter contained 
in the Uood of these animals have been ascertained by the aatiiur, 
as follows : — 





I. 


II. 


III. 


IT. 


T. 


A»oi»ge. 


^p<xtangu». . . 


1-820 


1-834 


1'8«2 


I'Ul 


1-836 


1-8JS 


&hmus. . . . 


1-786 


1-762 


1-761 


1706 


1772 


1-755 


PhMter, . . 


1-B24 


1DS6 


1-VS2 


1-Wl 


1-932 


1-931 


SoUMr, . . 


1-973 


1-982 


l-BSS 


l-SBS 


1-968 


1-974 



The author has also submitted to aoalysis the ashes of the blood 
of these animals. The ashes were obtained by incinerating the 
blood, partially covered in a platiDom dish, at a Teiy low tempera- 
ture. By BO doing the alkaline metals are not TolatHised as they 
are when a high temperature is used. 

The following results represent the avenges of three analyses in 





Spobimgu,. 


AAtttiu. 


Drwtor. 


SoUuttr. 


Iron oxide (Fe,Oi), . . 
Lime (C»0), , . 

8od«(S.,6),' . . . 


tnuM. 
8-62 

1'06 
4-81 

43-78 
4-62 
2-31 

39-81 


trace. 
8-78 
1-12 
4-76 

48-82 
4'S3 
2-36 

89-68 


tr»». 
8-02 
1-38 
4-62 

44-22 
4-24 
2-22 

40-40 


tr.c. 

8-ia 

1-36 
4 68 

44 -OS 
4-32 
8-23 

40-28 




100-00 


100-00 


100-00 


100-00 



* Jew. I%y*., ToL TiL p. S40. 
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The following table represents the complete analysis of the blood 
of these EchinodermB : — 





Spatangu,. 


EeJUtua. 


Uraatm 


Sohultr. 


Watar, .... 


96-169 


95-B07 


9ym 


Bs-flsr 


Solid., .... 


1-231 


4-093 


4-121 


4-338 


fHbrin, . . . 


0-oie 


0-048 


0-042 


0M9 


Albomia, . . . 

[smlU. . . . 


2-3S6 


2-m 


2-160 


2-822 


1-820 


17SS 


1-922 


1-962 










. 



The coagnUtiou of the blood of Echinoderms has been tuveati- 
gated by Oeddes,* Schafer.t and Hajcraft and Carlier.| 

Oeddes atatea that the amoeboid cells coalesce into iiregnlai 
masses and shoot oat processes which bind the cells together. Bat, 
according to Schafer, the clot is not a mere plasmodom ; there is 
also a fibrin-like substance which separatee from the plasma ; and 
the abore analyses prove the presence of fibrin in the blood of 
Elchinodetms. 

According to Haycrafli and Oarlier, " the blood of the sea-nrchin 
TRriee Tery mnch in the namber of corpasclea present in the differ- 
ent specimens. In most cases, when allowed to eoagalate, the clot 
is very small, and not easy to demonstrate in a few drops of 
blood." 

Snch is the present state of onr knowledge cODceming the blood 
of the Eehinodermata. 



Tlui Blood of Anndidt. 

The blood of these animals is of the nature of luemolymph. The 
author has investigated the blood of many of them. 

The following is a list of the different Annelids investigated, 
arranged in their several classes along with the names of the 
respiratory pigments contained in the blood : — 

' Pne. Roy. ffoe. Land., 1880. t Ibid., 1888, p. 870. 

t Proe. Boy. Sac. Bdin., vol. xv. p. 423. 
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Clue. 


BeBpiratory 
Pigm«.t 


Pigment in the 


mmdo. 

Lambrieut, 

Sabella, 

Serjmla. 

jTmieola, 

AphT^iU, 

& 
t/ereia. 




an 

Oligiiheti. 

PolychKU. 


Chlorocroorin.'' 
E»m^Iobin. 


Plannt. 

Co^nsdea. 
PI.^*. 



The percentages of saline matter contiuned in the blood of thcao 
Annelids are given in the following table :- 





L 


11. 


III. 


IV. 


ATertje. 






8-20 


3-20 


3-27 


3-27 


Eimdo, . 








S'JO 


3-32 


3-34 




Ham-^lmU, 






s-ei 


8-6» 


8-62 


8-61 














8-88 


8 82 


3-86 


SaUlla. . 






3 CI 


8-68 


3-ei 


3'5S 


3-65 


S^TTuia, . 






3-28 


819 


3-24 


3-2* 


3-28 








8-92 


3-Bl 
















872 


8'71 












8 '66 


8'GS 


3-62 


3-60 












8-41 


8-46 


3S» 




Nertis, . 






8-81 


8-83 


878 


8-82 


3 81 





S^nmai- 


SiTVdo. 


SamapK 
tit. 


LttmJni- 
en*. 


SabeUa. 


Serpvia. 


Iron oxide (Fe,0,) 
Lime (CaO), ^ . 
MagnesU (MgO). 
Pol«h(K,Oi; . 
Soda (Nb,0], . 
Phosplioric add 
(P,OJ, . 

yd. ."" 

Chlorine, . . 


0-13 
8-00 
1'6G 
G'02 

44-81 
4-78 
2-SS 

88 'Se 


0-25 
3-38 
1-62 
4 88 

18 -88 
4-89 
2-92 

8812 


0-22 
3-81 
1-60 
6-10 

44-11 
4-80 
2-32 

88-04 


0-26 
3-21 
1-61 
6-00 

4410 
478 
2-8S 

38-28 


0-18 
8-42 
1-22 
4-03 

46-23 
4-66 
2-10 

88-26 


0-17 
3-40 
1-26 

*-io 

46-26 
4-55 
2-U 

89-12 


100-00 


100-00 


100-00 


100-00 


100-00 


100-00 



■ See Dr Griffiths in CompUa Sendiu, t. edr. (May 30, 1802). 
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The aullior has also submitted to analysis the ashes of the blood 
of these animals, and the preceding and foUotriiig results repiesent 
the arer^es of two analyses in each esse. 





Armi- 
tola. 


■"fi- 


Otycera. 


TlTt- 

bella. 


Afe«M. 


Iron oiide (FbjOj), . 
Lime (CO), . . . 

Potaih (K,0). . . . 
Soda(Ni4&), . . 
Phosphoric Mid (P,OJ, . 

Chlorine, .... 


0-20 
8-83 

1-26 

*-os 

4E-20 
4-50 
211 

89-09 


0-2* 
3-21 
1-52 
6 -OB 

41 -S2 
4-80 
2-81 

8804 


0-22 
8-32 
1-65 
6-01 

44-20 
4-79 
2-82 

38 09 



8 

1 

46 
4 
2 

39 


22 
64 
20 
08 
21 
Sfl 
00 
09 


0-23 
3-20 
1-60 

6-04 
44 86 
*-82 
2-79 

88 M 




100-00 


100-00 


100-00 


100-00 


100-00 



These animals possess blood which is much richer in solid con- 
stituents than Ecbinoderms ; and the next table gives the composi- 
tion of the blood of the eleven Annelida investigated : — 





Sipunea- 


Sirudo. 


Bamoph 


£wm*n- 


Sabella. 


S,rp«ia. 


Water, . 


ei-fis 


90-76 


90-40 


S0I2 


90-82 


91-22 


SoUds, . . 


8-35 


9-26 


9-90 


9-88 


9-18 


8-78 


f Fibrin, . 


0-13 


0-18 


016 


0-19 


0-16 


0-14 


-1 Albumin, . 


E-02 


6-73 


6-82 


6-80 


6-48 


6-40 


ISaltt, . 


8-30 


8-84 


8-82 


8-89 


S'G6 


3 '21 





Jrmi- 

cola. 


diU. 


aiyara. 




Nerea. 


Water, .... 

'"'IW, : : 


90-24 
9-76 
017 
6-72 
3 87 


90-34 
9-66 
0-19 

6-70 
3-77 


90-48 
9-62 
0-18 
6-75 
8-69 


90-80 
9-40 
0-19 
6-80 
3-41 


90-29 

9-74 
0-17 
6-74 
3-88 



Besides the fact that the blood of worms contains certain pig- 
ments, very little is known concerning it. There is no real coagula- 
tion, althoagh it contains fibrin, but a heat-coagalum is formed at 
65° C. When this coagolnm is filtered off, i.e., in the case of those 



■ Google 



122 Proceedings of Royal SocUty of Edivhurgh, [tmt. 

worma whose blood contoina biemoglobin and chlarounorui, no 
I^oteid remaiaa in eolntiou ; bat in the case of those whose Uood 
contoias hfemeiythrin there is an additional proteld preeeot, which 
coagulates at 70° C. 

In Siptmadua the blood-corpnecles contain a coloured flnid 
between the external wall and the central nucleus. It msy be 
stated that thia is probably the first appearance of a true colonied 
corpuscle, but it differs essentially from the coloured corpiude of 
the Mammalia, for in the Utter the colouring matter ia distributed 
throughout the corpuaole. 

The luemoglobin present in the blood of worms is identical in 
diemical composition with that present in the higher animals.* 

In Qlyeera, and a few other Annelids, the htemoglobin is present 
in special corpuscles, but in the majority of these animals it is dis- 
solved in the plasma. 

The gases of the blood of the eleven Annelids (prerioosly men- 
tioned) have been investigated by oaing the raercurial air-pump, ic, 
by the method which has been already described in the Proceedingt 
of the Roytd Soeiety of Edinburgk, vol xviii p. 288. this method 
gave the following results : — 





Oiygen. 


CwboDio ADhrdnde. 


Nitn«ML 


XSf: 






1281 
12'BS 


28-29 
29-62 


1-82 
1-91 


JSteBwpAsi., 






12-BB 


80-00 


1-94 








18 '02 


30-16 


I-9S 


SofeUo, . 






12-60 


28-30 


1-89 








12 '46 


28-04 


1-83 








12 'S9 


30-12 


1-90 


Aphr<aite, 






ii'sa 


28-20 


1-87 


Olyc^ . 






12-87 


29 34 


1-89 


TerOata,. 






12-80 


29-66 


1-79 


Ntrti,, . 






12-82 


2B-02 


1-84 



The above figures represent volumes of the gsses per 100 v<4umei 
of blood (the volumes being reduced to 0° C. and 760 mm.), and 
they also represent the averages of three determinations in each 



The nitrogen is simply dissolved in the blood, bnt the oxygen 
* Dr Oriffitiu in Ftac Soy. Soe. Sdin., voL xviii. p. 294. 
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and carboaic aiihydiide ue partly dissolved and pBitly in a state of 
loose chemical combination witb certain constitneata of tlie blood. 
The oxygen is united to the hnmoglobin, luemerythrin, or chioro- 
cmorin, as the case may be; and possibly the greater part of the 
eatbonic anhydride is united to certain salts contiuned in the blood. 
Inrertebtate blood which contaias htemoglobin has a greater 
power of combining with and absorbing oxygen than blood whidi 
contains either hsmerythrin or chlorocrnorin. This statement may 
be represented by the following figures, which are the aTOiages of 
the reeolta represented in the previous table ; — 

Blood cooUintng hnmerythTin sbsorbs, &a, . 12'SlpercGnt,oroz7geii. 

„ clilorocruoTin ,, . 1£'4S „ ,, 

,, heemoglobm „ . 12'80 ,, ,, 

Although hEemerythrin and chlorocruorin are not so active as 
rec^iratoty pioteids as tuemoglobin, the former are as important as 
the latter. It is probable that by a process of physiological selection 
the respiratory proteids may have become more complex, and their 
molecular instability * therefore greater as the animal body became 
more elaborated, and a necessity arose for the setting apart of 
rcapiratoiy proteids for abettaction of foygen from the air. 

The Blood of Intecte. 

In a large number of insects the blood is colourless, although 
sometimes it is of a green, yeUow, or red hne. This colour is not 
due to the amceboid corpuscles, but to the plasma in which they 
float 

The blood-plasma of Musca domesHca (house-fly),t and that of 
the larva of Ckirotumms | (both belonging to the Diptera), contains 
hnmoglobin. 

Foulton§ has made a number of observatians on the blood of 
the Lepidiyptera. The colour of the blood in these insects is princi- 
pally green ; but it varies, to a certain extent, with the food. This 
pigment has no respiratory function ; and, in fact, no respiratory 

* For imtuice, hsmoglobin is less Bt&bls tltau hiemocyuim. See Dt 
OriiGtliB in CimpU* Smdia, t. cxiv. p. 19S. 
t HocHunn, iVoc Birmingham Pftif. Soc., vol. liL p. S6S. 
t Lankcater, Jour. Anai. and Fhyt., voL ii. p. Hi. 
I Proc Boy. Sue. Land., 188G, p. S70. 
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pigment appears to 'ba present in the blood of the Lepidoptera. 
The e]dst«iice of a iwpiratoi; pigment is doabtful, eepecially when 
one bears in mind the anatomical disposition of the respirator; 
apparatus in these animals, i.e., the penetration of the air by the 
tracheie through all the living tissues. Nevertheless, the blood of 
the Lepidoptera is rich in proteids, and it is capable of abstracting 
and retaining a considenhle amount of oxygen. The author has 
ascertained the percentages of saline matter contained in the blood 
of the larrn of certain Lepidopterons insects, && These per- 
centages are as follows : — 





I. 


II. 


III. 


Average. 


^Tontiahrat^ea, .... 


8-62 


3-71 


308 


3'«7 


S fi NoUuajmmidM, 


s-ei 


3-77 


8 '81 


3-80 


^|. Var^i.. .... 


3-91 


3-98 


4-00 


3-88 


l-5mm»iAw (a«c, . . . 


a-92 


8-66 


8-87 


S'82 


£ 1 , Lvamut cenmi 


3-61 


3-46 


365 


3'Bl 


^ ^yDytiaait dimidiatiis, . 


3-48 


3-60 


3 '46 


3-48 



The blood was obtained from a large number of individuals in 
each case. 

The lashes of the blood of theee insects yielded the folloving 

results* : — 





.S_ 


M 


■3 




3, 


?l 




h 


4| 


^ 




1^ 


*1 


Iron oiide (Fe,0,), 


0-10 


0-09 


0-11 


0-09 


0-10 


0-08 




2-02 


2-96 


2-06 


2-43 






Mflgnem- (MgO), . . 


1-00 


1-12 


1'09 


l']3 






Potash (K,0), . . 


4'12 




4-09 


4-10 


4-20 


417 


Soda (N^O), 


43-48 


44-03 


43-62 


43-29 


44-00 


43-82 




3-21 


3-61 


3-50 


3-40 


3-82 


3-41 


2 'PI 


2-80 


2-87 


2-92 










41-30 


42-66 


42-84 


42-14 


42-62 


100 '00 


100 -00 


100-00 


100-00 


100-00 


100-00 



IS of tiro ftualyses in each ci 
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tion by means of this pi^ent ia well developed ia this ckn of 
animals. 

It appears that in the Lepide^era the transport of oxygen from 
tbe Barronnding medium to the living tiasoeB is made, to a considerable 
extent, by means of colooilesa pioteids of the blood. These sub- 
stances fonn oxjgenised combinations which are unstable, and 
which are carried by the blood across the tissues and an there 
dissociated, yielding the oxygen to the elements of those tissuea 
which leqnire it. 



The Blood of Arachnide. 

The aothor has only ascertuned the composition of the ashes of 
the blood of a few of these InTertebrate^ Thea» ashes gave tbs 
foUowing results (the averages of two analyses in each case) : 





EpHra. 


Tegewtria. 


FMau. 


Copper oitde (CnO), 
Lime{C»0), . . 






0-ao 

8-68 

1-8* 
6 00 
«12 

*-a3 

2-82 
87 M 


0-28 
8 82 
2-08 

4-01 

4-92 
278 
86-88 


0-M 
8-60 
1-98 
4-80 

43 '92 
4-85 
2 -SO 

87-80 




10000 


100-00 


100-00 



The blood of these animals contains hfsmocyanin, which is the 
well-known respiratory pigment containing copper. 

Lankeatar* has also shown that the blood of Scorpio becomes 
blue on ezpofioie to air, and that it contains hsmocyanin. 

Myoluematin is present in the muacnlai tissues of the Arachmda. 

Concerning the uses of these two pigments, it may be stated 
that the htemocyanin receives o^gen from the air, and carries it to 
the tissues ; and the myoluematin receives the oxygen from the 
blood, and retains it until the tissue elements are in need of it. 

* Quart. Jour. o/Xusr. Sei., vol. uiv. p. 161. 
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The Blood of Molluscs. 

The blood of the majorit; of the Lamellibranekiaia is more of 
ths natare of a hydroljmph than that of a hemoly mph, although 
then are aerenl exceptions. For instance, the blood of Pitma, 
Myiilus, and Anodonta is a tme hiemolymph. 

The pereentages of saline matter contained in the blood of 
certain lAmellibranchs have been ascertained to be as follows : — 





L 


II. 


III. 


IV. 


A*engB. 


a,: : : : 
a : : ; 


0-921 
0B87 
1-003 
0-086 


0-963 
98» 
0-M8 

o-oee 


1-oai 

i-ooo 

089 
0-992 


0-987 
1-032 
1-006 
0-966 


0-978 
1-902 
0-988 
0-000 



The ashea of the blood of these animals yielded the following 
veanlts on analysis {averages of two analyses in each case) ; — 





Mva. 


Solm. 


FtOm. 


Lino. 


Iron odde (5e,0J, '. 
LnD.(CO), . . . 


tnoe. 

s-eo 

I'SS 
4-89 

11-20 
4-SO 
8-76 

87-82 


0-20 

s-io 

1-79 
4-00 

44-08 
4-80 
2-73 

88-09 


tr«M. 

8-70 
1-80 
4-87 

4411 
4-76 
2-80 

87-Ofl 


trace. 

trac*. 
S'GS 
1-86 
4-90 

44-08 
4 88 
2-77 

87 00 




lOO-OO 


lOO-OO 


100-00 


100-00 



The next table represents the complete analysis of &e blood of 
these LamellibrancliB : — 





Mya. 


Solen. 


PttUn, 


Lima. 


Water, .... 

*^brii, : 

J Altmmlii, . . . 


98-3Sd 
1-S44 
0-088 
0-621 
0-987 


98-250 
1-760 
040 
0-721 
0-089 


08-270 
1-780 
0-038 
0-686 
1-008 


08-273 
1-727 
0036 
0700 
0-902 
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The blood of Solm contoina bromoglobin j and this pigment is 
present in special corpuscles.'* 

MacMunn f has proved that the brown colour of Soleeurtas etri- 
giUatus (belonging to the family Solenidie) is due to the prosence 
of heematoporphTrin, and it is Tei? probable that the blood of this 
MoUnsc also contains hsmoglobin. 

The anther } has alread; given some details coDceming ths blood 
of certain repreBeutatives of the higher MoUusca and Cmstaeea, 
and consequently the following data may be considered as addi- 
tional matter to that already published. 

The oraoge-coloured blood or htemolympb of Chiton (one of the 
Polyplaeophora) and Patella% (one of the Branehiogaeleropoda) 
contidns no htemocyaniu, and its composition is represented in the 
following table : — 





Cftiton. 


PaUlla. 


W»ter, 

Solid. 

|Or(gmc.atter., . . 


90-672 
S'428 
7-820 
1-008 


89-972 
10-028 
8-322 
1-708 



The gases of the blood of these two Mollnscs, investigated by 
means of the mercurial air-pump, gave the following results: — 





(Mitim. 


FaleUa. 


I. 


II. 


I. 


11. 


Oiyj[«ti 

CsrboEic anhydride, . 
Nitrogen 


12-92 
80-46 
1-86 


12-87 
31-29 
1-86 


13-21 
81-62 
176 


12-99 

81-02 
1-81 



* Bay I^nkestar, Proc Bxry. Soe, Land., tdL iiL p. 71. 

t Jowr. PKyl., vol, viii, p. 884. 

X Proc Soy. Soc. Edin., vol. xviii. pp. 288-294 ; and Jour. Chan. Soc, 
vol. luiL (1892), p. 648. 

§ Concemiiig the Physiology of Pattlia, see Dr Griffiths' papers in Froe. 
Sog. Soc Land., vol ilil p. 393; vol. ili?. p. 328; •nd hU book, The 
Phytiology <iflke InvertebnUa, pp. 108, 281 (Beeve & Co., London). 
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Theabore figures represent volumea of the gases per 100 volumes 
of blood (the gaseoua volnmes being reduced to 0° C. and 760 mm.). 

The blood of these Mollnscs readilj coagulates, forming a gelatin- 
ous coagulnm; and this coagulum rapidly becomes fluid again. 
Similar observations have been made hj Kiukenberg on other 
Molluscs. 

The blood of Murex (a Branchiogasteropod) and Loligo (a 
Cephalopod) has also been investigated by the author. In both 
of these animals it is a true heemolymph containing the respiratory 
pigment — luemocyanin ; and the following empirical formula has 
been recently assigned to hsemocyanin :* — 

CM;H^Nja,CuS,0jj8. 
The percentages of saline matter contained in the blood of Murex 
and Loligo are given in the following table : — 



I loligo. 



Average. 



Analyses of the ashes of the blood of these two Molluscs gave the 
following results (average of two analyses in each case) : — 





>,.r^ 


Loligo. 


Copper oiide (CuO), 
LituB (CaO), . . 
Mtgnesia (MgO), . 
Potash {K,0)T . . 
Soda(NV>). ■ - 
Pbosphonc »cid (P,0,), 
Snlpfioric acid (30,), 






0-2i 
371 

1-82 
4-86 

«-2a 
4'53 
2-8fl 

87-92 


0-21 
2-32 
1-54 
4-90 

46-23 
4-80 
2-84 

S8-16 




100-00 100-00 1 

1 



The blood of these animals is rich in solid constituents, as the 
following table shows : — 

* Dr Qriffiths id GompUt Bendtu, t ciiv. p. 49B. 
vot. XIX. 12/11/92 I 
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MuTtx. 


LoHgo. 


Water. 

SoUdB 

f Organic matter. 

ts»lt8, 


88 '657 
11 '443 
B'e23 
1-820 


88-164 
13-816 
10'fl45 
3-2U1 



One hundred volumee of the blood of each of these Molluscs con- 
tained the following volumes of the three gases, the voltimea being 
reduced to 0° C. and 760 mm. ; — 



MUTCI. 


Loligo. ! 


I. 


ir. 


I- 


... I 


Oiygen j 14-21 

Nitrogen, .... 1-82 


13-08 
29-78 

i-es 


18-48 

30-02 
1-46 


18-22 ' 
3231 
1-23 



The oxygen and carbonic anhydride in the blood of Invertebrates 
do not obey the law of Daltou in regard to the absorption of a 
mixture of gases by a simple fluid. In this respect there ia a close 
analogy to the blood of the Vertebraia. 

Such ia the present state of our knowledge concerning the 
chemistry, Ac, of the blood of the Invertebrala, 
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Note on Dr Moir's Solntion of Sylvester's HIimination 
Problem. By Professor Tait. 

(RetdUsja, 1802.) 

The following method of treating the qaestion occurred to me 
while Dr Uair waa Teading his paper at the last meeting of the 
Society. It seems to throw some new and carious light on the 
intrinsic nature of the problem. I have confined myself to an 
exceedingly brief eketch, but it is clear that the proposed mode of 
treatment opens a wide field of interesting work. 

Write the equations as 

A ^AU VAB B "' '^''" 
or 

(* - 2e,^ + ij* - 0, &c. 

The two values of (jij, &c., are evidently reciprocals of one another. 
In fact, if we were to put 

ilt] = tan flg, &c., 

the equations might be written 



Since we have 

while the values of the factors on the left are, respectively, t^ or 
— , f] or — , tg or — , it is obvious that the fourth equation re- 
quired for the elimination is 
1 

Vat T=ijt^t^tm)i this ia 

i{T-l)'{T-(;nT-f^'(T-^)' = 0. 
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Expanding and ngroupiog, tlie expression is easily tranafoimed 
to 

vV-\-W)~\'2ir)^\'2ir) '^ ^iT "air/ 

or 

^1 - «i - «3 - d + 2e,e^i)' = 0. 

The factor in brackets la tbo aquare of the determinant 



and thus Dr Mair'a result ia reproduced when we insert the values 
of e^, e^, e, in terms of A, B, C, A', B', G. 

One interesting point of the transformation seems to be the 
breaking ap of this determinant into the four factors above speci- 
fied ; BO that the equation 



1 



(sin 2$) ' (sia 2a) 



(sin2fl)-' 1 {sin2/J)"' 

{sin 2a)-' (sin 2/3)"' 1 

has for roote, as values of tan 6, 



'^ ' tan a tan /3 tan ^ tan a 

But the novelty and value of the process leem to lie in the mode 
in which the elimination is effected by mere general reasoning. 
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Note on the Thermal Bffoot of Pressnre on Water. 
By Profeeeor Tait. 

(Bead July 18, 1892.) 

I have just seen in the Compiea Sendus (June 27) an account of 
soma experiments, on this subject, made by M. Oalopin in the 
labonitoiy of Professor Pictet. As the effects obtaioed by him aeem 
to be somevhat greater than my ovn experiments had led me to 
expect, I was induced to repeat my calcalatioDs with the view of 
tiying to account for the difference. TJnfortonately, M. Galopin's 
work is confined to 600 atmospheres, a pressure which lies a little 
beyond the range of my experiments ; so that no very trustworthy 
comparison can be made. M. Galopin's results have one advantage 
over those of the dired experiments of the ealne kind which I made, 
inasmnch aa he was able to use ordinary thermometets, while I 
employed thermo-electric junctions, iu measuring the rise of tem- 
perature by compression. But they have a corresponding disad- 
vantage, in the fact that mine were obtained instantaneously (by 
means of a dead-beat galvanometer) and required no correction; 
while hia bad to he corrected for the heat-equivalent of his apparatus 
to an amount not easy to estimate with accuracy. 

I had assured myself of the general accuracy of my own work by 
showing that three altogether independent modes of estimating the 
effect of pressure on the maximum density point of water gave 
closely concordant results :— viz. a lowering of that point by about 
1° C. for every 60 atmospheres. These investigations were described 
to the Society in 1881-4, and appear (in abstract) in vols. xi. and xii. 
of our Proceedings; more fully in the Challenger R^tortn. One mode 
of determination was direct (a modification of Hope's experiment) ; 
the others were theoretical deductions, from the compressibility of 
water at different temperatures, and from the rise of temperature 
produced by compression, respectivoly. M. Amagat subsequently 
obtained a result very closely agreeing with mine aa given above. 
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Hie method diSera from aoy of mine, for he seeks two temperatures, 
not very dtfierent, at which water has the same volume at the same 
pressure. 

So far, I had been dealing with preaaures of little mora than 
200 atmospheres. Higher pressoras led to the result that the 
displacement of the maximum density point increases veiy much 
faster than does the pressore. For the terms in higher powers of the 
pressure begin to tell more and mure ; and another cause comes promi- 
nently into play, depending on the fact that water has a. tempera- 
ture of minimum compressibility (about 60° C. at ordinary pressures). 
This affects to a very much greater extent the lowering of the maxi- 
mum density point by pressure than it affects the amount of heat 
developed by the compression. Both of these causes are indicated 
in my formulis as contributing to snch a result, but the small 
numerical factors of the terms which express them are not accurately 
known ; and the calculation of the thermal effect of large pressures 
from data obtained by measuring compressibility at different tem- 
peratures is a very severe test of their accuracy. Besides, in giving 
a formula which exactly represented my determinations of the 
change of volume of water, under pressures from 150 to 450 
atmospheres, and at temperatures 0° to 16° C, I expressly said that 
"it must not be extended, in application, much beyond" these 
limits. If, however, we venture to extend it to 500 atmospheres, 
it leads to the following expression, for the heating of water by 
the sudden application of that pressure, 

(■J- 3-2 



where t is the original temperature (C) of the water operated on. 
In obtaining this result it Is assumed, in accordance with Eopp's 
data, that the expansibility of water at ordinary temperatures and 
at atmospheric pressure is approximately {t - 4)/T2,000. Other 
experimenters moke it somewhat greater. [If the maximum density 
point were lowered 1° for everi/ 50 atmospheres, the heating by 500 
atmospheres would be about {t + 1)/22 only. Comparing this with the 
result above, we see how considerably the causes, alluded to, affect 
the calculated amount of heating.] 

Now I find that M. Galopin's results may be represented very 
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closet; (fconi 0° to 10° C, whicU are hia temperature limits) by the 
analogous expression 

( + 5 
25 ' 

The difierence between the denaminaton of these expressions is 
not serious, and may depend upon the uncertainty of the asanmed 
expansibility of water, or upon an nver-coirection of his results by 
M. Oslopin. [He increases his observed data by S2 per cent, in 
consequence of the thermal capacity of his apparatus.] But the 
diSbrenca between the numerators seems to show once more that 
M. Galopin's data have been o vet-corrected, or Uiat it was scarcely 
warrantable to extend the application of my formula so fai as 500 
atmospheres. 
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Notee on the Wanyoro Tribe of Central A&ioa. By 
Bobert W. Felkin, M.D., F.R.a.S., Fellow of tlie Aathropo- 
logical Societies of London and Berlin, dec. (Witii a Flate.) 

The paper which I have the honour of presenting to yon to-night 
is aimilar in construction to those I have previously brought under 
your notice on the For, Madi, and Waganda tribes. 

As in former papeis, I have written from notes of my own 
observations made when in the country and from iuformation 
supplied me by people of the tribe. This time, however, in order to 
complete the description of the people, I have had recourse to the 
works published by Sir Samuel Baker, Dr Emin Pasha, Capt Casati, 
and the late Dr W. Junker, and I have to acknowledge my 
indebtedness to these authors for information gleaned from their 
pages.* 

I have followed, as before, the order of the Notes and Queries 
on Anthropology published in 1874. I mention this becanse a 
new edition of this work has just been published, but I thought it 
better that my notes should coincide with my previous papers rather 
than with the new edition. 

It might be thought unnecessary to publish an account of a tribe 
living in such near proximity to Uganda, but I think that a com- 
parison between the two tribes will bring out marked differences, 
and illustrate the well-known fact that many diversities exist among 
ATricBU tribes which are in some respects closely akin. 

The portrait is from a photograph (taken by Herr Richard 
Bachta) of Nickachuppi, a Wanyoro princess. 

Unyoro is situated at an altitude of some 2600 to 3000 ft. above 
sea-level. It occupies a position towards the north, north-west, and 
west of Uganda, and is bounded on the north and east by the Nile, 
on the west by the Albert Xyanza, while on the south and south- 
west its boundaries are ill-defined. Its area is about 1500 square 



" See The Alhert Nyania, by Sir Samuel Baker ; Etisen in jifriea, by Dr 
Junker j Emin Patha in CenlTnl Africa, by Emin Pasha ; Ten Year) in 
SjuaUiria, by CfUBti ; and Ugatula and tke Egj/ptian Soudan, by F«lkin and 

Wiljon. 
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Pkyiieal Features of the Country, — It may be divided into two 
portions — a moantainoos region, which extends from the Albert 
Nyanm to about 32° K long.; and a plain, which slopes from 
thence to the Victoria Nile. The mountainous region consists of 
low mountain nngea and isolated peaks, many of tbe latter reaching 
a height of from 4000 to 5500 ft. aboye eea-level. Most of the hills 
are dome-shaped. From the monntain chains issne spurs, forming 
valleys through which streams flow. The country is extremely well 
watered, and practically drains to the west into the Albert Nyanza 
and to the north into the Nile; in the height of the rains a large 
quantity of water rashes down the deeply cut-out beds of the 
streams. Many of these are choked with papyrus, which also grows 
luxoriously around the Albert Nyanza. One river, the Eafnr or 
Kafn, or River of Death, flows into the Nile near Mmli, and drains 
ihe eastern part of Unyoro. The country is fairly well wooded, but 
the forests are here and there separated by tracts of country over- 
grown with high grass ; the underwood in the forest is very dense. 

(rooloffi/. — The formation of the rocks in Unyoro is volcanic and 
metamorphic. Tbe upper soil consists of grey fine-grained loamy 
detritna or thick dark-brown loam resting on ted quartz. Sandy 
day crops np at times, and a considerable quantity of ironatooe is 
found, especially near the Albert Nyanza. 

Climate. — Uoyoro possesses a mild climate, and the temperature 
remains fairly coostant thronghout tbe year. The mean annual tem- 
perature may be taken to be about 78' F., and the extreme tbermo- 
metric variations are not over 30° F. In February at lat. 2* 8' N. 
Baker fonnd the daily range to be 80° to 84° F., at night 66° to 68°. 
At Masindi, 4000 ft above sea-Ievel, the temperature was 62° at 6 
a.m., 78* at noon, and £min in October records the highest 
temperature at 79'7° F. The lovrest temperature I observed was 
69°, the highest 84° F,, and the daily mean was 73*. 

There is an abundant rainfall in Unyoro, the two periods of 
maximum rainfall being, as in Uganda, during April and May and 
October and November. Few ohservations have been made upon 
which one can base an estimate of the annual rainfall, but it is pro- 
bably rather more than in Uganda, say 60 inches. Thunderstorms 
are very frequent, and the rainstorms in Unyoro occur with south 
and south-east winds. Emin notes that in October there was a 
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fierce Btorm of bail and rain from the Bouth-east, tlie hailstones beiug 
as large ae horse beans, and continuing for half an honr, when they 
gave place to a perfect deluge of rain. Even during the driest 
aeoBoa of the jaar the atmoBphete ia verjr moist, as is the soil ; and 
Emin noticed the carious phenomenon of partial rains ; he said they 
sometimea occnited in torrents, vhea at hardly ten minutes' distance 
there nas no rain at all 

Population. — The population is about two and a half millioDS 
(1S79). The people are Negroes, but they are not quite so fine a 
race as the Waganda, nor are they quite bo talL Their colour is, as 
a rule, a duk reddbh brown (Broca's table, Noe. 42 and 43). 
Colour of the eyes, Broca's table No. 1. There are, however, a great 
many persons having a much lighter colour than that which is here 
indicated; in fact, they may be said to vary from reddish black to a 
dark reddish yellow, red being, however, the fundamental colour. 
The people are thin but well formed, save that the muscles of their 
legs are not well developed. They have good features and many of 
them ate really good-looking; the lips are, however, very thick. Their 
teeth are good, but the four lower incisor teeth are extracted at 
puberty. 

I regret that I have no detailed measurements of the Wanyoro. 

Anatomy and Phyniology. — The temperature taken in the aijlla 
for five minutee, the subjects being at rest in the shade, at about 
9 a.m., averaged 97'8° (98 observations taken). The number of 
respirations per minute under like conditioos varied from 16 to 18 ; 
the pulse averted 70. Like the Waganda, the Wanyoro do not 
bear cold well ; they keep up fires in their huts during the night, 
and they do not like getting wet with the morning dew ; they do 
not protect themselves from the sun. They are hardy, and bear 
privation fairly welt, but are not quite so courageous as tbeir 
neighbours. Their muscles are decidedly red in colour, and the fat 
has a yellow tinge. The mucous membrane of the mouth is highly 
stained with pigment The skin is velvety, and they do not perspire 
much. The women have BufiBcient milk. They are delivered in a 
squatting position ; a stake is oft«u firmly driven into the ground, 
and the woman walks round about it in a circle until the commence- 
ment of each pain, when she squats down, supporting herself by tiie 
stake. Emin. mentions that during deliveiy a woman will eome- 



yCOOglC 



I8B1-92.] Dr R W. Felkin on the Wanyoro Tribe. 139 

times sit on her heels, her knees stretched apart, while one or two 
women support her back aad arms, and the midwife sita in front of 
ber leady to receive the child. (See Reproduction.) 

DevdopmerU and Decay. — I have no accurate information as to 
the average or extreme length of life among these people, but I saw 
a good man; comparatively old men and women. Faberty ie arrived 
at early, and the period of chitdbeaiiug may be said to he from 1 4 to 
25 years. Save that the mammary glands were remarkably well 
developed in the women, there was nothing remarkable about them. 
The WanyoTo'a' teeth are well preserved ; I never aaw any case of 
caries, nor do the teeth appear mnch worn. As in Uganda, it is 
considered unlucky if the children's teeth do not appear either at the 
light time or in the proper order. 

Hair. — The Wanyoro have short, coarse, dull woolly hair. It ia 
not plaited, and no care ia spent on its cultivation. It is only shaved 
as a sign of mourning. Sometimes the women may be seen with 
fiowera fastened in the hair, and, rarely, the men have a kind of bead 
head-dress, arranged something like an old-fashioned chignon, but 
they are not nearly so prone to such adornments as are the Longo, 
Shuli, or Shefalu. The musicians and medicine-men often wear 
long beards made from cows' tails or goats' beards. Comparatively 
few of the men have natural beards, and even those seen are not 
abundant. The hair from the rest of the body is generally removed 
by shaving or dipilation, but not so invariably as in Uganda. 

Odour, — A distinctive odour ia possessed by the Wanyoro, but it 
does not difEer from that which obtains in Uganda. 

Slolions. — In expressing astonishment one hand is sometimes 
placed over the mouth ; another method noticed by Emin is that of 
rapidly raising the closed fists to the crown of the head, from which 
they are drawn energetically to the forehead. When beckoning a 
person a movement as of grasping is made with the band. When 
walking without loads the Wanyoro have a graceful carriage, and 
in standing, sitting, and lying their postures are graceful, although 
one does not notice the peculiarly dignified bearing seen in Uganda. 
In carrying loads their motions are somewhat ungainly ; they then 
march with a short, quick step, the knees bent and the body inclined 
somewhat forwards. The arms are permitted to swing in walking, 
I did not observe that the feet were nearly so frequently employed 
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for graaping articles as in Uganda, bat all the joiata an nipple. 
The; micturiate standing, the squatting position not as a rale being 
occupied when performing this fuuction. In sleeping, tbe Wanyoio 
generallj lie on the side or the back, and either an arm or a log ol 
wood eerres as a pillow. The band is more commonly used than 
the fiugera for pointing. 

Phy^ognomy.—Tho Wwayoio have not such expressive faces u 
the Wagandaj still the play of their features is fairly expreariTe. 
They gesticulate freely both in conveisation, in palav^^ or when 
telling Htories. 

Phymeal Poteen. — The people are modarately atrong, but Uieir 
powers of endurance are not remarkable ; they are not very good 
porters, foi they appear dbtressed at a load greater than 60 or 60 
lbs., and cannot march more than 15 or 16 miles a day when thu 
weighted. They requite frequent lests. 

Senses. — Their sight, hearing, and smell are abnormally acute, 
but I was unable to make any accnratc obserrationa in this connec- 
tioQ. 

AbaormaWUs. — Albinos are met with in the conntry ; they are 
supposed to bring misfortune upon their relations. They do not 
reanit from the marriage of near kia They often act the part U 
buffoons, I saw several dwarfs, and both Emin and Speke mention 
them ; those I saw were evidently of Wanyoro origin, and had no 
connection whatever with the Akka or Tikki-tikki tribe. Deformi- 
ties are, I believe, very uncommon, but, hunchbacks may be occasion- 
ally met with, and I saw two cliildren with harelips. I came across 
one case in which the toes were webbed and one in which there was 
a supernumerary thumb on both bands ; the parents in both casce 
were normal The practice of forming the " Hottentot apron " does 
not, so far as I am aware, obtain in Unyoro. 

Crosses. — Practically the only crosses which are met with in 
Unyoro are those due to the marriage of the reigning family widi 
the original Wanyoro, and, save fur the fact that their akin is of a 
rather lighter shade, there is no difference to be noticed. Speke 
says that the lighter colour of the ruling class is attributed to the 
fact that " they do not do any work, but sit in the shade and drink 
abundance of milk." 

Tatiooin<j.—Tba is not practised in Unyoro, but I do not know 
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of any laws which would forbid it. Emin aaye that he has seen 
scars aod cuts aaed as ornaments, but only by women iu the soath- 
wettem districts, and I believe that this cantom is not indigeDous, 
bat due to the imitation of their neigtboutB. 

The Wanyoro tribal marks are two parallel bums <m each temple. 
Some of the people wear earrings, but they are not very frequently 
eeeo. The foar lower incisor teeth are extracted at puberty. 
- Dreet. — The children in Unyoro are onclothed ; the adults are 
varioosly clad ; sometimes the women wear three or four folds of 
cloth made from the bark of the fig-tree suspended round their hips 
reaching to the knee ; at other times they are clad in well-tanned 
goat-skins, or ogun a large bark-cloth is worn tightly fastened under 
the armpits. Some of the women wear in addition a cloak of the 
same material faatened round the neck and falling gracefully over 
the shoulders, much in the fashion of an luTorness capa The men 
wear either tanned hide or bark-cloth ; these are usnally fastened 
over the right shoulder, the left being exposed. Head-dresses are 
rarely, if ever used, 

OrTiamtnla. — Some of the men wear rings round the ankles and 
wrists, and sometimes necklaces of beads or brass and copper rings. 
Sometimes, but usnally only on festive occasions, they wear head- 
dresses manufactured out of the skins of wild animals, goats, 
antelopes, or leopards, and sometimes adorned with a variety of 
horns. The women are very fond of bead, iron, and copper orna- 
ments ; they often wear a eeries of anklets extending over two- 
thirds of the leg, and the arms may be covered with the same from 
the wrist to the elbow. Sometimes these rings are passed through 
three leather strips to keep them in position. The beadwork neck- 
laces, cinctures, and bracelets are sometimes very tsstefully made, and 
Bome of the ornaments conetructed out of finely plaited grass, to 
which are suspended numerous bosses covered with fine beadwork, 
show considerable manipnlative skill in their manufacture and taste 
in the arrangement of the colours. When on the warpath the men 
wetr a dmple loin-cloth and a strip of bark-cloth or bananaleaf 
round the forehead. Some of tbe people disdain ornaments; at any 
rate I once sent a princess a present of some beadwork earrings and 
necklaces, and she refused to wear them, saying that she did not 
need to add to her charms. 
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Fat Wives. — A curious custom which obtains in Unyoro may 
here be mentioned. It seems that the king and some of his chiefs 
consider that obesity is a sign of beauty, and therefore some of their 
vivos are compelled to subject themselves to a process of fattening 
to increase their charms. They are obliged to drink an immense 
quantity of milk, and so obese do they become that they can only 
crawl about on their hands and kaees ; it is impossible for them to 
walk. Personally I had no opportunity of seeing any of 'these 
heauties, hut I quote an abbreviated description of one given fay 
Casati: — "In the centre of acolnmn was apalankin made of ox-hide 
fixed on two poles, upon which one of the royal wives sat wrapt in 
a bright-coloured mantle of peculiar pattern. ... A cry of astonish- 
ment was uttered by everyone as a woman, almost a shapeless mass 
of flesh, with immense limbs and small eyes, sitting on a sort of 
sedan-chair, and supported by stout poles, was being carried across 
the royal threshold by four stalwart men. The accumulation of fat 
gradually proceeds so as to render the person unable to stand up. 
They are compelled to walk on their hands and knees, and even then 
move with great difficulty." — (Casati, op. dt, vol ii. p. 70.) These 
women are only permitted salt porridge made with broth twice b 
week, and sometimea a handful of salt. 

Pathology. — My stay in the country was far too short to obtain 
anything but the briefest inforoiation respecting the diseases of the 
natives. 

Malarial fevers are common enough on the banks of the Nile and 
on the shores of the Albert Nyanza, but I understand that they are 
far rarer in the higher parts of the country. At Kiroto, where I 
made special inqnines into the subject, I found that both the natives 
and the Egyptians rarely suflered from fever, but at Magungo 
Fowetra, Kodj, and the adjacent districts malaria is very rife. 
Ague-cake was far horn uncommon, and I saw many children suffer- 
ing from moderately enlarged spleens, and a good many suffering 
from dropsy. Bronchitis and pneumonia I also met with, and these 
diseases must be fairly frequent, as they are treated with the actual 
cautery or cupping, and many persons hore the marks of these 
methods of treatment In cupping, the cow's horn is used in place 
of a cupping-glass, a considerable quantity of blood is withdrawn, 
and the people are weak for several days subsequent to it. 
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Diarrhcea is commoD, and I saw several cases which I believed to be 
enteric fever. Headache is not vet; common ; it is treated by 
cnpping over the temples. Acute mania certainly occurs, hut it 
appears to be of a transitory character. The individual afQicled 
with mental abberration often runs away and hides in the forest ; if 
canght, he is compelled to drink large quantities of a decoction mode 
from herbs and roots, which induces sleep and profuse eweating. I 
collected a nomber of specimens of these simples, hut I had to leave 
them at Lado on account of difhculties of transit. Small-pox is 
much dreaded, as it causes a great mortality at times. Partial isola- 
tion of the patient is practised, the pustules are opened with a sharp 
thorn and the patient is washed, but the treatment is apparently 
not very successful. Epilepsy is as frequently seen as in Uganda, 
and occurs chiefly in girle. No treatment is known ; girls suffering 
from this affection are difBcult to get married, and anyone willing to 
take them off their fathers' hands can do so without giving a dowry. 
Skin diseases are very common in Unyoro, and this is rather surpris- 
ing, as- on the whole the people are cleanly, although their habitations 
are not well kept. Bheumatism, lumbago, and sciatica are frequently 
met with ; the actual cautery is a favourite application. I never 
heard of a case of toothache. Leprosy is known in Unyoro, but does 
not appear to be very common ; its hereditary nature is recognised, 
but this is not the cose with regard to epilepsy. Yenereal diseases 
are frequently seen ; their introduction is said to date from Kamrasi's 
time, and they were brought into the country from east to west some 
forty years ago. Diseases of the eye and blindness are very rare. 

Wounds heal rapidly and amputation is known ; at anyrate the 
great chief Bionga showed me a boy whose arm he had amputated 
in the middle third on account of its having been shattered by a 
gunshot. 

" Earth-eating " is practised in iTnyoro, sometimes as a remedy 
for disease, but often to satisfy a simple craving. If long continued, 
it is scud to cause discoloration of the skin and hair, emaciation and 
death. Hereditary cannibalism is known, and girls from such a 
family will rarely find a husband. Nightmare is known, and dreams 
thought to foretell coming events. 

Medicine men and women often travel about the country, gaily 
dressed with bead ornamenta and numbers of charms. They 
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resemble the gipues, having no fixed dwelling, bat making them- 
selves at home wherever they may be. They practise incantations 
to drive away the eril spirits which are supposed to have taken up 
their abode in sick people. In treating disease they employ many 
herbs, roota, and the bark of trees; they also apply the actnal 
cautery, and cup their patients. Some of the medicine-men act as 
singers and dancers at festivities. They also prepare amulets and 
charms to ward off disease and death. They leceive as payment iot 
their aeivices either beads, tanned skins, or cattla 

Casati says that the natives eat batterfliea and insects to cure 
colds in the chest, and crocodile fat and dung is sometimes used aa 
a cure for rheumatism. 

Reproduction.* — A lingeriag labour is hastened by rubbing the 
abdomen. If the head presents, it is considered to be a favourable 
sign. A footling forebodes a misfortune to the family. If a cross- 
birth occurs, turnii^ is attempted by men, who receive payment for 
their services. If a woman dies before delivery, abdominal section 
is at once performed, and the child whether living or dead removed ; 
the omission of this operation would be punished by the chief of 
the district with a heavy fine of cattle, goats, or even women, as it is 
believed that such a proceeding would entail ill-luck on the village. 
Post-partum htemorrhage carries off many of the women ; it is pro- 
bably caused by attempts to remove a retained placenta. Sometimes, 
if the placenta does not come away readily, the abdomen is pressed 
or kneaded with a broad-ended pole. This pole is cut the convenient 
length, and placing one end on the ground, tiie woman preeses the 
other agidnst her abdomen ; then swaying her body gently back- 
wards and forwards or from side to side, she makes a rhythmical 
pressure on the fundus uteri The umbilical cord is cut long and 
tied round the body of the child until it shrivels and falls off; to 
hasten separation it is rubbed with fat. Ligature of the umbilical 
cord is unknown. The placenta of a male child is buried in the 
house on the inner right-hand side of the door ; that of a female 
child on the inner left-hand side. The child is washed in tepid 
water and then nibbed with a mixture of red clay and fat^ It is 
not customary for the mother or child to leave the hut until the 
umbilical cord has fallen off, nor may the mother shave herself. 
* For moat of this infannBtiou 1 am indebted to Emin Fasha. 
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Aboat tha 3th day after birth the mother aita on her threahold 
with her child, a sheep is killed and the child ia named by the 
paternal grandfather, or should he be dead, "by the maternal grand- 
father. It usually receives two names — one connected with some 
bodily peculiarity, the other chosen at pleasure. The skin of the 
sheep killed at the naming of the child is uaed to carry it in, the 
child being snspended at its mother's back iu the skin bo that its 
fore-legs are tied together ro.und the mother's shoalders, its hind- 
lega round her waist. A voman suckles her child IS months ; it is 
then weaned and the breasts are rubbed with bitter juices. During 
aockling the women live apart from their buabauds. The fecundity 
of women is from 12 to 2E years of age ; many are barren, must of 
them ha»o only two or three children. The women grow old 
quickly. Hermaphroditism is rather common. If women are 
sterile, they are sometimes returned to th«r parents, who return a 
proportion of the dowry paid for them. Twins are cunsideied a 
great piece of good fortune, not only to the parents but also to the 
entire vills^ TTniversal festivities are held in the village, and rich 
gifts are brought to the mother from all eidas. The firstborn 
twin, whether a boy or a girl, is called " Zingoma," the other " Kata" 
The placenta of living twins is placed in a large earthen vessel in a 
miniature hut hastily erected in the courtyard, where it remains four 
days. It is then carried in procession to another larger hut built in 
the jnngle, and there it is left. Should the twins die, they, together 
with their placenta, are left in an earthen vessel iu the mother's 
hnt until decomposition sets in. They are then removed to the 
miniature hnt built in the courtyard and are there left for an 
arbitrary period, being watched by a man who scares away hyenas. 
Ihiring the time of this exposure the occupants of the house may 
not shave themselves, and they mnst keep aloof from everyone as k 
sign of mourning. When this period is accomplished, the men and 
women cut their hair and lay aside for a time all ornaments, and 
finally the hoose in which the birth took place is burnt, ezpintion 
thns being made. 

Cmi»e» vihieh limit Population.— Oi the causes which limit 
population, polygamy ia the most important. It is derogatory to 
the poaition of chiefs, even the most unimportant, to possess less 
thao 10 or 10 wivea Poor men huve three or four wives each. 
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Ah a chief has only fonr or five favoarites, always cboaen from among 
the youDgest, perhaps exchaaglog them for still younger wives when 
they have lived with him for a few months, a large nnmber of 
women ace left fallow who would otherwise be capable of produc- 
tion. Early marriage aleo limita reprodacttoii. 

Habita and Cialoms. — The Wauyoio are an indolent, lazy people, 
and by no means possessed of great prowess. They are, however, 
fond enough of raiding and pillaging those who they think will be 
an easy prey. They are naturally intelligeut, but do not posseae 
nearly so much culture as do their neighbours the Waganda. The 
higher cIhssbb lounge about and smoke and drink all day, all work 
being left to their wives and slsves. Indeed it is only among the 
lower classes that the men work ut all, and they will avoid manoal 
labour as mach as possible. The principal wives of the chiefs 
lead a luxurious and indolent life — sleeping, eating, and visiting 
being their occupations. 

The Wanyoro are cleanly in their persons, frequent ablations 
being practised, but, this notwithstanding, women frequently anoint 
their heads with a mixture of red ochre and fat. Many of the 
people anoint their bodies with oil, or sometimes with scent. One 
scent is a species of touchwood which smells like musk, the other is 
composed of very compact grey clay, which, according to Emin, is 
brought from the south and sold at a high price. Notwithstanding 
their cleaolioeas, the Wanyoio are infested by vermin which find 
shelter in their bark clothes. They get rid of them by fumigating 
the cloth every few days with the smoke of the stripped stalks of 
the dried papyraa ; this acts as a parasiticide, and ^ves a distinctive 
odour to the clothes. The Wanyoro are very neut, and all their 
handiwork is carefully performed. In their houses their stores of 
roots, &c are neatly packed in either woven baskets or in packets 
made of banana leaves and tied with finely woven string. Their 
huts, however, are not well kept, and they are not very particular as 
to the removal of filth from their courtyards. 

They cut their naits to a triangular point, the point being in the 
centre of the finger; the noil parings are carefully preserved, and 
from time to time token and thrown into the jungle — why, I am 
unable to say. 

There are not many ceremonials in Unyoro, but the people are 
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conrteoua and frieDdly ono to another. Botb men and women aalate 
each other at morning and night, saying Oood-moming (Bairote; 
ans. Daaljante) ; Good-evening (Geroha ; am. OerObera). Wben 
poople meet in the road, if uf equal rank, they aay the Vord 
"Merembe," followed by each party giving vent to a series of curioas 
nasal gmnta of satisfaction. If a man of low rank meets one who 
ia hia superior tn the street^ he is expected either to kneel or to bead 
forward, supporting his body witk his hands on bis knees until his 
superior has passed. There are special forma of salutation for great 
chiefs, the cnstomary address to the King being "Kgunzono Kali" 
(I greet the higbeat). The common people when ezpresaing thanks 
use the word " Vebbala," the higher classes the word " Nknebaa." 
If a person has been to a drink ing-party, when he leaves he salutes 
the host with the word "Nkuada" (thank you), and is answered by 
the salutation "Bainni." In all classes of society dried coffee- 
berries are offered when meeting or dnring convenatton, and among 
the higher classes, after drinking beer, coffee-beans are nsed to remove 
the odour of the liquor. When strangeis arrive at a but the people 
sittiug before its door always rise, and, after the customary salutA- 
tioDS, beer, water, or food is produced, should the stranger require it. 
The women do not as a rule ait with the men, but form groups to 
themselves, and among the higher classes the aeses eat apart The 
Wanyoro always wash their hands before eating ; the viands are all 
covered with grass mats whilst being carried from the cooking- 
place, to prevent them from being bewitched by the evil eye. 
Kabrega may not eat poultry, and the chiefs are expected to refrain 
from this article of diet. Wooden apoons ue used in eating, but the 
fingers serve the purpose of knives and forks. After meals, ablutions 
are customary. 

Food. — The diet is principally vegetable, and consists of sweet 
potatoes, gourds, roasted bananas, dnrrah, elensine, manioc, and 
various leguminous plants, coffee, sugar-cane, several species of beans, 
one of solanum, tullabone^ sesamum, maize, cassava. When meat ia 
scarce, blood boiled with batter and salt is eaten. Game and goats 
are very commonly partaken of, as well as fish and eggs. Beef can 
as a rule only be afforded by the rich. Elephant's flesb, and also 
crocodile and hippopotamus flesh, are not eaten, the latter being sop- 
poaed to produce skin diseases. The Wanyoro are very fond of salt, 
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and eat it in large quantities; but, aniike their neighbours, thej avoid 
pepper, as tbej believe it produces aterilily. Honey is greatly en- 
joyed and is usually talcen with porridge, the latter being made of 
dried plantain or ground durrab. Milk is used &a an article of diet, 
either fresh or curdled. In this connection I may mention that the 
milking of cows falls entirely to men; vomen are strictly forbidden 
to tonch a cow's udder. 

The great chiefs have separate kitchens in which the food is 
cookod respectively for men and women. The food for a great chief 
is cooked by a male cook with whom be has made blood-brother- 
hood. In the lower classes the women invariably prepare the food. 
The people usually partake of three meals during the day — the first 
soon after sunrise, the second at midday, and the third after sunset. 
The fireplaces made for cooking are constrocted of stones, of which 
five are used ; a long, flat, oblong stone is fixed in the ground 
lengthways, and on each side of it two smaller stones are fixed, so 
as to make six compartments. The pots used in cooking (see Manu- 
factures) are globular in shape and of various sizes. Vegetables 
are boiled in them, and the people prefer their meat to be boiled too, 
though it ie sometimes roasted or smoked. Fish is smoked likewise. 
Porridge and "Irish stew" are served in boat-shaped wooden dishes 
standing upon three or four feet, which raise them from the ground. 
Mats are used as table-cloths, and the food is only uncovered when 
the party are ready to dine. As in Uganda, strips of wet banana 
bark ore used as napkins. Marrow bones are cooked in the ashes, 
then cracked and the marrow extracted ; the people do not like raw 
marrow ; white ants are often cooked in butter. When catching 
the ants for food laige fires are lit near the ant-hill and the people 
either beat small drums or rattle sticks together, upon which the 
ants swarm. 

Drinks. — Three varieties of beer are used in Unyoro. The first 
is Sandi, which is simply the juice of the ripe bananas expressed 
through porous mats and mixed with a little water. It is kept for a 
day or two before use and is only slightly fermented. It is a pleasant 
beverage and not intoxicating. Mwenge, the eecond drink, is pre- 
pared of artificially ripened bananas, to which is added water and 
roasted durrah. It is a sour beverage and very intoxicating. The 
Mervna beer is made from elenslne. The Wanyoro are great beer- 
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drinkers, and the favoarite method of drioking is to suck up the 
beer through three or foni straws, or through a drinking-tabe specially 
nmnnfactured for the parpose.* 

J^'ire. — Fire is produced by the friction of a sharpened piece of 
hard wood rotated between the hands in a notched piece of soft 
wood. No instnimentB are used for its production. The fire is 
cangbt by either bark-cloth tinder or sometimes tinder made of dried 
gntas. The only fuel utilised is wood and charcoal. The natives 
sometimes carry fire with them on a journey, either in the form of a 
burning log or a slow match composed of a long coil of tightly 
twisted bark-clutfa. 

Habitaiiwu. — The Wanyoro ate not very expert hut-bnildeis, but 
they occupy a position between the neighbouring tribes in the north 
and the Waganda in the south-east. The huts are usually from 20 
to 30 feet in diameter and 20 to 25 feet high, dome-shaped and 
circular or semi-circular. They are constnicted of light wicker- 
work, which is supported by a central pole and some five or six 
other poles placed in almost a complete circle. They are thatched 
with grass, which reaches down to the ground. The entrance consists 
of a porch-like opening, 4 to 6 feet high, and closed at night with a 
strong basket-work door. Very usually the huts have a partition, 
sometimes formed of wicker-work and grass, at other times of bark- 
cloth curtains. Sometimes, but larely, tlin» or four huts will occupy 
a distinct compound, being surrounded by grass fences, but more 
commonly tbey form scattered groups without any iuclosure. Smaller 
huts are sometimes built as storehouses, but more usually goods are 
stored in the common dwelling. The beds are either heape of 
grass laid upon the floor and covered with hides, or sometimes they 
are raised shelves some two or three feet from the ground. 

As before mentioned, the huts are very dirty. Qoats and poultry 
live in them, and tbey are infested with mice, fleas, rats, and cock- 
roaches. No arrangements are made to carry away the rain which 
falls upon the huts, and consequently tbey are damp. The floor is 
simply composed of beateu earth. 

* I h&TS omitted a detailed description of brewing, u it does not differ from 
that wliioh obtains in Ugsadi. Sea Procetdingt <^ the Soyal Soatty, voL liii. 
pp. 717 to 718. Each familj hrefta its own liquor, bat any which ie in excess 
of ibtii nquiremeats is sold in the public markets. 
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NareoHee, — Both men and women in Unjoro smoke, although I 
do Dot think that the women are quite such inveterate emokera as 
their neighboura in Uganda. Two kinds of tobacco grow in the 
coantry — the Nicotiana Virginiana, and a smaller plant which ia 
much stronger in flavour, has a smaller growth, and fawn-coloured 
flowers. According to Emin, this species is dying oot Tobacco is 
only used by smoking it in a pipe, and no substances are mixed with 
ib The tobacco-plants are carefully tended and the ground near them 
weeded ; they are not allowed to seed ; the leaves are dried in the 
sun and made into various-sized packages weighing from half a 
pound to about ten pounds. The only tobacco-pouches in vogue 
are either skin bags closed at the mouth by a string, or neatly 
made plaited grass baskets. The Wanyoro pipes are very various. 
Rionga showed me a very fine collection, one of which was capable 
of holding a pound and a half of tobacco. In Unyoro one can 
generally tell the rank of a man by the size of his pipe ; the greater 
the man, the larger his pipe. The form of pipe is usually globular 
with a long stem ; the bowl is made of clay, roughly glazed, and it 
is variously ornamented with circular dots, bands, chevrons, and 
sloping parallel lines. No mouih-pieces are used to the pipes. 
Sometimes a pipe may be made with two heads ; I saw one with 
three. One peculiarity of the Wanyoro pipe is that, instead of the 
hole being carried from the bottom of the bowl through the stem, 
there is a ledge of clay extending half way across the bottom, and 
into this ledge the opening is made. As a rule, people nae their own 
pipes, and carry them with them wherever they go. They are some- 
times slung round the neck and bang down the back, but if a man 
does not happen to have a pipe with him wheji bis friends are 
smoking they oSer him their pipes occasionally. I never saw short 
pipes used, but on one occasion I saw a man smoking from a hole 
he had made in the ground. 

Oeciipationt. — In a country where the necessaries of life are easily 
procured the natives cannot be expected to be very industrious. The 
men build the houses, fight, if there is any fighting to be done, teud 
the cattle and milk them, and a few of them are employed in various 
manufactures (see later), but for the most part they avoid all work 
if they can. The women are more industrious; they cook, fetch 
wood and water, and do whatever agricultural work is necessary. 
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In all reapects tbe people lead au easy-going life. They appear to 
be contented mid satisfied, and I do not think they an either enter- 
pridng or ambitions enough to take readily to laborious employments. 
As far as I saw, tbey were lazy, unwilling, and unsatisfactory porters, 
but it must be admitted that their service was compulsory, their 
loads were heavy, and their hope of reward small. The Wanyoro 
living near the Nile and on the shores of the Albert Lake occupy 
themselves in fishing. After the evening meal the men collect 
together and carouse round the fires, occasionally einging and 
otherwise amusing themselves. 

AmtuemmU. — The people's amusements are not extensive, and 
consist chiefly in assemblies usually held at night at which dancing 
takes place, old and young alike participating with vigour. Some, 
times men and women dance at the same time, but not together ; at 
other timea solos are indulged in. Witr-dances are also performed ; 
and mimic warfare, in which great agility is exhibited, is a favourite 
pastime. Some of the dances are indecent in the extreme. The 
Wunyoro have some little theatrical ability, and sometimes their 
dances are arranged to illustrate some event, or to caricature some 
incident or person. The following scene which I witnessed at Kodj 
will illustrate what I mean i — A dance was arranged for my enter- 
tainment, and one of the dancers was called Abdul Aziz after Linant 
de Bellefouda. On one occasion Linant was riding and smoking, 
when be was suddenly attacked, so he immediately gave his pipe to 
his man in exchange for his gun. This was caricatured, two men 
dancing one after another, one carrying a pipe^ the other a gun, 
the first one representing Linant The steps nssembled a horse 
galloping, and the dance was very amasiog ; every now and then the 
man, leaving off smoking, took bis gun and lired into the crowd, and 
then resumed hie pipe. Jesters and professional story-tellers are 
frequently met with; they go from village to village reciting legends 
or witty stories, which the people enjoy greatly. They usually wear 
fantastic bead-dresses, and are not infrequently expert musicians of 
a kind. The occasion of births and marriages and the appearance of 
the new moon (see ceremonies connected with new moon) are gladly 
utilised by the people for carousal, dance and song. 

Masiad Jnstraments. — The Wanyoro possess various musical 
instruments, of which perhaps the drum is the chief. These are 
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made of varioas sizes, hollowed oat of the trunk of a tree, and gaily 
decorated with shells and beads and charms ; they are usually beer- 
barrel ia shape, and are generally played ooly on one end, either 
with the haods or tvith drumsticks. The drum may only be beaten 
as a signal for war and during its continuance, or on festive occa- 
sions. A fine follows disregard of these rules. Trumpets or horns 
are made out of antelope horns or bottle gourds. The flutes are 
constructed out of reeds. Some of the people also use a lyre made of 
fire strings, which are arranged either projecting perpendicularly 
upwards from a gourd which serves as a sounding-board, or stretched 
over a board upon two bridges shaped like a barmonicou. As I am 
not musical, I canuot say much about the native tuues, but some of 
them seemed to be melodious ; the choruses, accompanied by drums, 
horns, and flutes, are weird in the extreme. Baker considers that 
their music is a monotonous repetition of the three notes — h, c, d. 

HwUing. — The only information I have respecting this subject is 
gained from Emin Pasha. He says that hunting-parties often take 
place. When they are arranged privately those that take part in 
them choose the leader from among themselves, but when they are 
set on foot by a dbtrict chief he appoints the leader. The man who 
throws the first spear at an animal receives the forefoot if it is 
killed. The division of the booty is effected by general agreement 
If game ia wounded and runs ou to the ground belonging to another 
man and dies there, the owuer of the land receives the right fore- 
foot. If a leopard or lion is killed near the king's dwelling the 
whole animal is carried to him, but if the distance is too great the 
skin alone is sent. One tusk of all elephants slaiu belongs by right 
to thd king ; the other may be kept by the hunter, but the king 
usually gives him a girl in exchange. The Wauyoro are not nearly 
such keen or brave hunters as the Waganda. Snares and pitfalls 
are sometimes employed to capture game; there is nothing distinc- 
tive in their construction. In fishing, the Wanyoro employ the 
hook aud line, the spear, stationaiy nets and wicker-work basket 
traps; the latter are usually circular in character, aud are of the 
shape of a bock bottle. The entrance to the trap is at the broad 
end, and is so arranged that fish swimming in cannot escape, for the 
bare forming the base will only open inwards. 

Weaporut. — Tlie weapons employed by the Wanyoro are not 
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nnmerauB. The most primitive is the ctub, and varions kinds of 
knobs are made — round, oval, and emboeaed. The spears aia fairly 
well constructed ; the heads are not large, only measuring from 6 to 
8 inches, tmog 2 or 3 inches broad at the flange ; they are usually 
ribbed. The shafts an from 6 to 6 feet in length. The same 
weapons are need in war and in chase. When hunting crocodiles 
lines are fastened to the spears, to which ambatch floats are attached. 
When going to war the sharpened spears are usually protected by 
leathern covers, neatly made and decorated with feathers or beads. 
Sometimes a peculiar spear is uued for elephant hunting ; it has a 
broad heavy head from 18 to 30 iuches in length, 8 to 10 inches at 
its widest part It is fastened to a short handle and heavily 
weighted with a mixture made of clay, straw, and cow'6 dung. It is 
dropped upon the animal by the hunter, who sits npon the branch 
of a tree. Sometimes these spears are hung over paths frequented 
by wild animals, and so arranged that they fall when the qnany 
passes beneath. 

AffncultuTal Implements. — The people only poeaese one real 
agricnilnral implement, viz., the hoa It is heart-shaped and 
slightly hent, forming with its neck a gentle curve. The handle is 
from 3 to 1 feet lon^ and a bent forked piece of wood is chosen for 
it, so that the whole when completed can be used like a pickaxe. 
The other implements used are simply curved knives or spear-heads, 
the latter being employed in plaatiug and weeding, the former to 
prune or dress the plants. 

OulHvaiion. — As before meutioned, the women till the fields, 
which are as a rule fairly well kept. Weeding is assiduously 
[mictised. Before sowing, the high grass is burnt, and after being 
allowed to lie upon the ground for two or three weeks, it is hoed 
and the various crops are planted. Owing to the richness of the 
soil, the people have little difficulty In raising sufficient produce for 
their necessities, and there is no doubt that with good cultivation the 
greater part of Unyoro would render surprisingly rich crops. It is un- 
necessary to detail here the various grains and vegetables grown in the 
country. (Tea, cinchona, and cofiee would well repuy introduction.) 

Domestic Animals. — Here and there domesticated wild-cats are 
met with, and there are many doge in Unyoro. They are long- 
bodied, lean, bnS-coloured animals, lop-eared, and carrying theii long 
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short-hured tails erect Many of them are very vidoiu. They are 
uaed in the chase, but from what I saw of them they are not well 
trained. Fowls are fonod eveiywhere ; they are email and DsaaUy 
lean. Goats are very numerous ; sheep more rarely seen, and tliey 
seem to be imported from the east of the Nile. The cattle mostly 
belong to the kiug or the cbiefa ; they are said to sulfer from many 
diseases, for which copious bleeding from the neck seems to be the 
general remedy; the blood thus obtained is often used as ftxtd. 
Wahuma are the naoal herdsmen, but in any case men or boya herd 
the cattle. The cattle's horns are always destroyed as soon as they 
commence to grow by cauterisiDg them with a red-hot iron, in order 
to enable the animals to pass with greater ease through the jungle. 
In respect to cattle, Eniin relates that those which supply milk for 
Kabrega's personal cousumptiuu are kept quite separate. Th«y are 
milked in his presence every miirning, and then go to pastare 
escorted by a man and a boy. The boy goes before them calling 
out loudly "the king's cattle," and everyone that happens to be 
near must withdraw as quickly as possible if he does not wish to be 
killed, as it is said that there are people who if they look upon 
cattle can turu their milk into blood. 

WUd Animals. — In Unyoro there are very many animals — 
elephants, lions, leopards, jackals, hyena, bnflalo, rhiuoceroB, wild- 
boara, various species of gazelles and antelopes ; elau also are met with 
in considerable numbers, and sometimes white rhinoceros are seen. 
A very great number of hippopotami and crocodiles infest the Nile 
and also the larger streams, and here, as elsewhere, the crocodiles 
are very dangerous, many of the natives being carried off by them. 
I ouce shot 60 in a forenoon at Xodj. Boa-constrictors and other 
suakes are numerous. Many monkeys are found in the woods ; as 
specially numerous may hi mentioned the CetcopithBcus griseo 
viridis, the Colobus gaereza oud the Colobus ruber, as well as the 
Faleoomis cudicularis, and some chimpansees, which are however 
limited to the southern districts, llie birds met with are very 
numerous; vultures are extremely common, and Emln mentions 
Sporothlastes fasciatus, Spermestes cucullatus, Tracbyphonus mar- 
garitstus, Fsittacus erythacas, Ortygospiza atricollis, and several 
Habropyga. Parrots are very numerous, as well as guinea-fowl and 
bate. Insect life in Unyoro is very profuse. 
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Manufadurei. — Although the Wanyoro do not compare very 
farourably with the Waganda aa artiaans, yet a considerable amount 
of indnstry obtains in the country. 

Tarming. — The Wsnyoro are expert tanners, and the dressed skins 
are anpple in the extreme. The akiua of cattle, goatB, antelopes, and 
monkeys ate all employed ; before being dried, they are pegged ont 
npon the ground and carefully scraped. If the skins are to be 
employed for men's dress, the hair is not removed ; if for women's 
garmenta, it is Temoved, with the exception of a fringe at the edge. 
As soon as the skina are moderately dry they are mbbed with 
butter ; they are then frequently beaten between two flat stones. 
Should one skin not be sufficiently large to form a garmeut, several 
are sewn together with needles of home manufacture. These needles 
are rather rough, but are ingeniously made, the eye being formed by 
taming over one end of a piece of iron and beating its point into a 
small depression struck into the shaft of the needle. 

String. — This is usually formed from banana fibre, but Bometimes 
the fibre of creepers is used. It is very finely woven and serves 
innnmerable pnrpoaes ; eometimea it ia plaited into mats and into 
bags, many kinds of the latter, from a heavy quality to a very fine 
and exquisitely woven variety, being manufactured. This twine^ 
too, is used for the manufacture of bead ornaments, in which the 
Wanyoro exhibit considerable taste. 

Bark^olh. — This is manufactured as in Uganda. 

Potttry. — ^The pottery in Unyoto is fairly good, though somewhat 

brittle. There are two varieties, a black and a red. The jars are 

mostly gourd-shaped, but oval and hemispherical bowls of various 

sizes are made. Ko flux is used. I have previously mentioned the 

Bladamiiha. — The smithy work in Unyoro is rough. Either a 
stone or a mass of iron is used as an anvil, the hammer being either 
an oval stone or an oval piece of iron. I only once saw a hammer 
with a handle. The bellows are constructed of two earthen pots, 
over the months of which pliable skins are fastened, having a hollow 
stick tied in the middle. Ctay tubes from the pots conduct the 
draught to the hearth. The smelting-ovens are oval and conical, 
nsoally three or three and a half feet high. The Wanyoro have an 
apparatus made of wood for drawing out wire. 
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Salt. — Except at Kibiro, the natives prepare salt by buning 
papynie and tben mixing the aebea with water. After allowing it 
to stand for 24 hours, it is filtered through a jar having a hole at 
the bottom and being half filled with tightly-pressed dried griK 
It is also in times of need obtained from cow's urine. At Kibiro 
salt is manufactured on a larger scale, and Emin ^res a very good 
description of it in a paper which was published by the Boysl 
Scottish Geographical Society in 1887. He says — "The meUtod of 
preparing the salt is tolerably simple. The earth from which the salt 
is to be extracted is placed in the evening under the end of a trough, 
whence a thin stream of water trickles over it all night long. In 
the morning the earth is put \a dry for some hours ; after this the 
women, with crescent-shaped pieces of iron, scratch ofE its superficial 
layers and with them fill other smnll troughs, out of which they 
shake it again into small heaps. The next day a certain quantity <^ 
this earth is mixed with water EUid then conveyed to the filtetii^ 
apparatus. Those consist of simple clay vessels, having holes at 
the bottom covered with a layer of fine hay ; the vessels themaelvee 
stand upon an arrangement of three stones, and have beueath them 
smaller clay vessels into which the liquid drops. When the filtra- 
tion is finished, if the saltmaker is not pressed for time, he allows 
the liqnor to evaporate in the open air; it then leaves behind it a 
pure white salt If, however, time cannot be given for this process 
of evaporation, it is accomplished by means of boiling within the 
hats, but the salt so obtained is darker in colour and less pure. The 
skill of the women consists in mixing the earth and water io the 
right proportions just before the filtering begins." 

The chief of Kabiro pays an annual tribute in salt to the king. 

WoodtBork. — This is very primitive. Bowls are cut out of solid 
blocks of wood and fairly well finished ; drums are made in the 
same way, but the paddles, walking-sticks, and the handles of hoes, 
&c., are not usually finished with any care. 

Boatbuilding. — The Wauyoro canoes are neither large nor do 
they shew any advanced art in construction, beiug simply ordinary 
dug-outs. The boats, when finished, are clumsy and unwieldy. I 
saw, however, one interesting boat which was made of a curved tree 
and used for hunting hippopotami, the idea being that the htppo 
would rise in the curve, and therefore not upset the boat 
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Badtetwork. — Yariona grassea and canes are used for plaiting 
baakete, bat the result is neither artistic aor are the forms graceful, 
and I rarely saw any distinctly pretty articles. Probably the best 
m&tle wickerirark is the shield, upon which some care is spent. 

Communications. — It may almost be aaid that the Wanyoro 
exercise no care in the establishment of roads or means of com- 
munication between one part of the country and another. As a rule, 
they content themselves by following the wsll-wurn paths made by 
passengers between one village and another. It is true that some- 
times, when a great chief travels, it is customary for him to order a 
patii to be mode, and this is done by sending forward a party of men 
who, following an ordinary footpatli, trample down the grass on 
either side and remove the saplings ; lasher trees, however, are left 
standing. At the fords it is sometimes customary for a rope to be 
stretched across a stream. I have seen two tree-bridges made by 
simply felling a tree and causing it to fall across a stream, but I 
never heard of any greater attempt than thi& In respect of ferries, 
I can only speak of those on the Kile itself ; there did not seem to be 
any great regulaiity in their rumiing, bnt certainly hoate and men 
were stationed at various pointe near Eodj and Foweira. A small 
sum of beads was given to the ferryman by each passenger. In one 
or two swamps I noticed that logs of wood had been thrown in to 
facilitate passage. 

Trade and Commeree. — ^The Wanyoro are keen tiaders. There 
is a lively interchange of produce in the country ilaelf, hat the 
exports are limited, consisting of ivory, salt, skins, and slaves. 
Although a few slaves may find their way into Uganda, the majority 
are bought by the Arab dealers and sent to the south via Katagvre. 
Salt is chiefly exported to Uganda. It is made np into cylindrical 
packets, wrapped ih dried banana leaver weighing about 26 lbs. and 
being sold for 400 cowries, equal in value perhaps to five and 
rixpence. As before mentioned, the one tusk of every elephant 
killed belongs to Kabrega the king, who usnally purchases the other 
from the hunter ; therefore nearly the whole of the ivory trade 
remainB in his hands, and is carried on with the Arabs from 
KaragwB. The ivoiy varies vecy much in price, and a considerable 
quantity comes from districts outside Unyoro proper, bnt under 
vassalage to the king. 
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It is the cnatom for Arab traders when first arriving at the bing'B 
seriba to make bim a coneiderable present of gnus and ammimitiDn, 
after which trading commencee, and it is only when the Arabs have 
finished bartering with the king and the great chiefs that they are 
permitted to trade with the people. Markets are held once or twice 
a week in every gronp of villages; the people collect in large 
numbers, and beer, salt, cofiee-berries, spears, knives, hoes, tobacco, 
beans, butter, bork-clotb, sheep, goats, and aometimea cattle are 
brought for batter. The Waoyoro ace keen at a bargain, and cod- 
siderable time is usually required before an exchange of goods is 
effected. Although the disputes as to value are sometimes very 
lirely, the people keep their tempers, and real quarrels are rare. 
The cowrie, " simbt " as it is called, serves as the stsndaxd money, 
or rather a string of 100 cowries. It is difficult to give the exact 
values of produce, as tbey vary so much according to season and the 
quantity brought for aale, but about 2 lbs. of flour costs 10 cowries, 
a sheep or a goat from 1300 to 1500, an ox from 4000 to 6000. 
It should be mentioned, however, that there are not nearly so many 
cowries in Unyoro as there are in Uganda, and ten or twelve yean 
ago, when I was there, produce was exchanged — butter for beer, meat 
for tobacco, flour for skins, and the like. Qirls and small boya are 
usually made the objects of private barter, and are not exposed for 
sale in the markets. The price varies considerably, the Wahuma 
girls being the dearest (see Marriagt). All the goods which the 
Wanyoro bring to market are neatly packed either in baskets or in 
banana-leaf parcels, aud after the market is over the people form 
into groups and gossip and drink their beer. 

Origin of the Wanyoro. — It seems to be nndoubted that at present 
there are three fairly distinct classes of inhabitants in Unyoro — the 
old aboriginal inhabitants, the Wahuma or reigaing families, and sr 
mixture of the two. It is probable that the Wahuma came from 
the Oalla country, crossed the Somerset Nile, and then either 
separated into two bands, the one going to Uganda, the other 
remaining in Unyoro and penetrating to Karogwe, or that Uganda 
was flrst conquered, then Unyoro, thea Earagwe, and that it is only 
60 oc 60 years ago since, owing to revolutions, the three kingdoms 
became distinct. In 1878 Unyoro was divided into three distinct 
provinces, reigned over by three chiefs, each claiming the throne. 
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EabragR ruled in the sonth-traat, Amfioa in the north near the 
IfuTchiaon Falls, and Rionga in the east, having his head-quarterB at 
Eo4i on the Nile. Thsy were all descnnded from Issanca, and the 
following table will show their pedigree. 

KwAtnbe (Niantnkera). 
I . 

I UL I 

EioNOA. Furoka (drnd). Akfina. Eonmu. 

I I 

Eamiswt. KA.BBEQA. 

Soou after I left the country, Rionga aud Amfina were overthrown, 
and now Kabiega ia the nominal ruler over the whole country. It 
is needless to repeat the history of the varions events which took 
place when the Wahunta overran the country. Suffice it to say, that 
the Wahuma are distinctly herdsmen, and that the original inhabi- 
tants of XJnyoro were tillere of the soil 

Legendary Hiriory. — On the orig;in of the Wanyoro dynasty, 
Cisati relates as follows : — " The founder of the dynasty came from 
the countries beyond Lango, and established himself in Uganda. 
An expert huntsman, he taught the natives to kill the wild auimals, 
■od his fome spread as far as the queen, so that at last she was 
■sized with a desire to see the brave stranger. He was a very hand- 
some man and the lady fell in love with him, and did not hesitats 
for his sake to poison her husband. On his marriage with her he 
ascended the throne, and had two sons, to whom on hie deathbed he 
give aa separate heritages the kingdoms of Uganda and Unyoro. 
And thus Eabrega asserted, on the strength of tradition, his Qalla 
origin. That emigrations of this people had passed throii^h the 
land of Uiiyoro is proved incontestably by the use (still common) of 
words of the Qalla language, especially in the articles of food." 

GooemTnent. — ^The government of Unyoio is moulded ou the 
feudal system. The king is supreme, and he has more personal 
authority than the king of Uganda, and ia not under the control of 
hereditary chiefs. The country is divided into large districts, ruled 
by great chiefs called Mkuugus, and they possess supreme power, 
having under them a number uf Mtongali who rule over smaller 
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areaa of land. Each district most be represented at conrt either hf 
the Mliungo or hj a person appointed by him. They receive orders 
from the king an to the amount of taxation and the levying of men 
either for purposes of war or raid. The Makungo are either 
hereditary chiefs or receive the appointment from the king as a 
special reward. When a Mkungo dies, one of his sons is appointed 
in his stead; itdoeanot,however, follow that the eldest eon succeeds 
to the coveted post, for if a yoangei son makes the king a larger 
present he may obtain the position. The Makungo are limited in 
number, and they used to be free from capital punishment. Casati, 
however, relates that Kabrega now gets out of this difficulty by first 
d^rading a Mkungo and afterwards execating him. The collection 
of taxes is accompanied by extreme extortion, and, from the great 
Makungo dowD to the lowest Matongoli, each official tries to gain as 
much heneGt for himself as possible. The king is maintained is 
power by a band of soldiere called Banasura, who are greatly feared 
and disliked by the people ; they reside with the king, and follow 
him about during his jouraeye. 

Kabrega is said to be the 16th king since the original conquest of 
Unyoro. It is the rule for a new king always to sleep two nights 
to the east of the Kile, and then march into the country along the 
road which his ancestors are said to have taken. Although I knew 
AmAna and Kionga personally, I never had the pleasure or otherwise 
of meeting Kabrega, and I must therefore refer yon to the writings 
of Emin, Casati, Junker, and Baker for a description of him, 
merely saying that he is said to he the sou of a Wahuma shepherdtsss, 
that he is about 5 ft. 10 inches in height, has an extremely light 
complexion, and that he is described as being of a cowardly and 
snperstitioua character. Amfina, on the contrary, was a thoroughly 
polished man, of fine soldierly bearing, with a remarkably intelligent 
face; be was very suave and friendly, although of a somewhat 
grasping disposition. He had adopted many Arabic customs and 
dressed in an Arabic kaflan. His divan was overspread with 
Turkish carpets, and the seats and bolsters were covered with spotless 
linen. When I visited him, coffee and cigarettes were gravely 
handed round by smartly dressed boys, and one forgot for the 
moment that one was not paying a visit of ceremony to some Arab 
Bey. Kionga was a fine old man, quiet and unassuming. He had 
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sot the same force of character as Amfina, bat be was a man wbo 
loved peace, and one who remained up to the last firm in bis aUegi- 
aace to the Egyptians, whose ally he bad beea ever since he made 
blood-hrotberbood witb Sir Samuel Baker. 

Land Laws. — In Uayoro the wbola of the land belongs to the 
reigning powers. The people are treated as serfs ; they are fixtures, 
and change masteis with the land. 

The king grants lands aa fiefs, not only to his favourites from 
vbom be receivea a fixed tax and also a certiin number of men in 
time of war, but aleo occasionallj to his favourite wivei. Should a 
wife possess one of these diatricta, she is permitted to visit it 
occasionally. During her residence at the court abe appoints an 
agent who rules the district in ber absence, sending her either pro- 
duce or its equivalent. The king's sisters, wbo by the way are never 
permitted to marry, have alao land granted to tbem for tbeir support ; 
and the king's brothers, wbo are practically imprisoned in order tu 
prevent them raising rebellion, have an appointed district which 
aervea for their support 

CrtTnes. — Justice is administered in tbe first instance by the 
Hatongoli. Then is an appeal from them to tbe Mkungo, and 
finally to the king. Theft is punished by confiscation of cattle or 
women for the benefit of tbe person robbed; after numerous 
ofieuces, the thief may bave a band cut off. Adultery is punished 
by a fine of four cons ; both parties may be beaten, and rarely the 
wife is divorced. A murderer may be summarily put to death ; 
abonld he escape, the chief of the district receivea 8 or 9 cows and 
three sheep or goats from the murdered man's relaUons ; he then 
searches for tbe murderer, who, if found, is executed. On the whole, 
however, the death sentence is rarely carried ont, for, as Emin 
relates, Kabr^^ expressed tbe opinion that a dead man pays no 
taxes. Executions are performed either by beating the culprit to 
death witb knob-sticks or by the lance. Cssati relates that culprits 
are often secured witb ropes in a kneeling position and killed by 
three blows on the temple. He also says that if anyone seduces 
Eabrega's women their eyes am put onL There can be no doubt 
that Kabrega's jailors torture tbeir prisoners witb the object of 
extortion. Trial by augury obtains, fowls being used for tbe 
purpose; the medicine-men cut them up alive, and decide as to tbe 
VOL. XIX, 23/11/B2 L 
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goilt or otherwiBe of the accused b; the colour of the fowls' ii 
Another method of determiniiig guilt is aa follows : — If one man 
chargea another of a crime which he denies, both drink a decoction 
of herbs, and whoever becomes drowsy is considered the delinquent 
(Emin says the decoction is given to two fowls.) The stocks are 
also nsed for punishment, the culprits having one leg secured in a 
heavy block of wood ; sometimes they are left to die in the stocbi, 
at others a large fine may release them. There is no real criminal 
class in Unyoro, and were it not that the people are bo often incensed 
by the brutahty and extortion of the Matongoli, the police, and the 
Bonasura, there would probablj be very little crime indeed. The 
administration of justice has not reached the high standard to which 
it has attained in Uganda, and the trials in the former conntry are not 
oondocted with the dignity and order which obtain in the latter. 

Slavery. — Slavery only exists to a limited extent in Unyoro. Of 
cDurae slaves are captured from the BUTToandiug district, and, as 
before mentioned, a good number are exported from the country, 
but in Unyoro itself the king and the great chiefs are the only ones 
who possess slaves. On the other hand, it must be stated that 
practically the Wanyoro themselves are all slaves, as they are ander 
the complete control of thoee set in authority over them. 

BttHal Cwtoms. — Moaming in Unyoro is indicated by shaving 
the head and by laying aside all ornaments. Graves are dug three 
or fonr feet deep : for women, in the court of the house, on the right- 
hand side of the door ; for men, to the left of the door. The corpse 
is placed on its right side in an attitade of ordiuary sleep. Young 
children are buried in the gardens near the huts (Emin mentions 
that the Wanyoro liviug near the Albert Lake buij their dead, 
irrespective of sex, in the cenbre of the coott/ard). Over the grave 
a miniatnre hut is erected, in which tobacco, pipes, bananas, and beer 
are placed. Speke gives an extraordinary account of a Wanyoro 
woman whose twins died. She kept two small jars in her hut as 
efflgioB of the children, and milked herself into these every evening, 
continuing to do so for five months, leat the spirits of the dead 
should persecute her. lie Bays that the twins were not buried, ss 
ordinary people, underground, hut were placed in an earthen beer-jar, 
taken into the jnngle and placed by a tree, with the pot turned 
month dowDwards. 
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After the death of a great chief one of hie finger-bonee and his 
hair are preserved ; should he have been eharen, a piece of his bark- 
cloth drees is kept instead of hU liair. When a king dies, the body 
i> washed, anointed eeveral times with fresh butter, and wrapt in a 
baik-cloth ; a special sariba is constructed, is the centre of which a 
high Boaffolding is erected, and on thie the body is placed. A fire is 
lit imdemeath, and kept burning until the tiody is completely dried 
np and mnmmiQed. It is then wrapped in a great number of bark- 
clothe and taken Into a new hut specialty bnilt for the pntpoee, and 
there it must remain until the new king ascends the throne. As 
the sons of the deceased monarch usnally fight for the throne, the 
borial is delayed for an indefinite period. At the conclusion of 
the civil war the victor visits his fathei^s body and sticks his spear 
into the ground near the right hand of the corpse. His first duty 
after ascending the tiirone is to bury his father. Speke describes 
the funeral somewhat as foUowa A huge pit is dug, capable of con- 
taining several hundred people, and it is lined with new bark-cloths. 
The lower jaw of the late king having been cut out, it is preserved 
in a packet richly ornamented with beads. His favourite cow is 
killed, and its bide forms the only oofBn. 

Several of thn deceased king's wives seat themselves in the centre 
of the grave and upon their knees the body is laid. During the 
succeeding night it is watched by the king's bodyguard, and the 
next morning the soldiers seise indiscriminately a great number of 
people as they issue from their huts in the morning. They are 
brought to the grave, their arms and legs are broken by clubs, and, 
their shrieks being drowned by tom-toms, the blowing of horns, 
whistles, and the yells of the assembled crowd, they are thrown into 
the pit and covered with earth. This is trampled into a compact 
mass, and a mound of earth is erected above them. 

Persona who have been executed are not allowed to be buried, 
but are simply thrown into the high grass. 

Betaiiotukipg. — The only relationships recognised in Unyoro are 
those of gruidparente, father, mother, brother, sister, brother-in-law, 
uncle (father's brother, mother's brother), son, daughter, son-in-law, 
danghter-in-law, and step-father. 

Distribution of Property. — ^When a man dies, the eldest son 
inherits all that his father possessed, including his wives, with the 
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exception of his own mother. The yoQDgei sons each recMve two 
of the father's wives, bnt uo other property uoleas the heir choom ; 
as a rale the; do receive a small portion of the estate. Wlvee ud 
daughters have do inheritance. If & man die without an lieir his 
eldest brother ioheiita the property. At a man's death his 
danghters are brought up b; the principal heir ; faUing an heir, the 
chief of the distiict takes his place, usoalljr incorporating the 
daughters in his harem and annexing the property. 

Marilal retoHona. — As under ordinary circumstances marriage in 
ITnyoro is practically a matter of barter, the father of a family of 
healthy girls is a happy man. A marriage is arranged by the 
fathers, who as a preliminary measure visit one another frequently, 
and over their pipes and ale extol the virtues of their respective son 
and daughter. No secrecy obtains, but the discussion is carried on 
ia the presence of friends or casual guests. When the fathers have 
reached a certain point in their negotiations it is customary for the 
bride's father to visit the bridegroom's father, and to offer hia 
daughter as a friendly gift to the bridegroom. So far good; bnt 
then the question of price comes in, and often many days pass 
and many long discussions take place before it ia finally settled. 
Ttarely, cattle form the chief part of the dowry, but amongst the 
general population beads, bark-cloth, hoes, spears, sheep, and goats 
are more in vogue. The batgain struck, it is clinched by a feast, to 
which relations and friends are invited. After the price has been 
paid to the bride's father, a week may elapse, and then the Imde, 
escorted by her friends and preceded by music, is led to her future 
husband's hut, where a great feast is held, both families contributing 
to it. The bridegroom's father kills an ox, the hind-quarters of 
which are given to the bride's father. Three days ailei this night 
of revelry the villagers again assemble, and, after decorating the 
marriage hut, they spend another night in dancing and singing. As 
among so many other African tribes, on the sixth day the bride 
returns alone to her father's house, where she remains for a week 
before finally and permanently returning to her husband. As far as 
I know, there is no marriage-contract Polygamy is permitted, each 
wife as a rale, and certainly among the better classes, poesess- 
ing her own establishment. There are no prohibited degrees of 
relationship as r^ards marriage, and a man may marry anyou^ even bis 
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■uter or daaghlwr, with the exception of hie own mother. Marriages 
of necessity sometimeB take place, or, to put it more euphemistically, 
love-matches. It is considered quite proper in Unyoro for a 
marriageable girl to Tiait any loTer she may choose daring the night. 
A lover, however, may sot visit his sweetheart ; at least if he does, he 
rons the chance of a good thrashing and the fine of a cow. If, as a 
reaiilt of this free love, pregoancy ensaes, the girl's father takes her 
to her lover's hut and he must maintain her until the child is bom. 
After the birth of the child, the father cUima her and the child, but 
the young man may pnrcliase them back, the price, according to 
Emin, being 6 oxen' and 4 sheep. If the child alone is bought, a 
boy costs 1 cow and 4 sheep, a girl 4 sheep or goats. Should an 
nnmarried girl die in childbed, the lover is either killed or he 
ransoms himself by the payment of 6 to 9 cows, an almost pro- 
hibitive price except tmong the higher ranks. If a woman is sterile 
she may be returned to her father, who refanda part of the price paid 
for her, but this is uncommon and against popular sentiment. Emin 
Bays " if a man marries and his wife falls ill and dies during a visit 
to her father's honse, the husband either demands a wife (a sister of 
the deceased) in compensation, or receives 2 cows. When a poor 
man is unable to procure the cattle required for his marriage at 
once, he may, by agreenent with the bride's father, pay them by 
instalments. The children, however, bom in the meantime belone to 
the wife's Mher, and each of them has to be redeemed with a cow." 
Divorce occasionally takes place in Unyoro. Either one spouse 
leaves the other or the wife is divorced for adultery. The pro- 
cedure in soeh a case is described by Emin as follows: — "The 
injured hosband cuts a piece of bark-cloth in two, keeping half of it 
himself and sending the other half with the wife to her father. 
When the cows formerly paid as the price of the bride ore restored, 
this piece is returned to the husband, who then bnms both pieces." 
Unyoro is the only Xegro Stato in which proetitntee are officially 
Bonctioiied. Emin thus describes their regulation : — " In Kabrega's 
establishment a great number of girls live as servants to hie wives. 
They are usnally good doncere, or are distingnisbed by corporeal 
advantages, and enjoy unlimited freedom at night. They are called 
Vrtmga. As soon as their day's work is tinished, they go out, and 
if they are addressed by a man, they go with him and remain at his 
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liouse for fonr or five days, accoiding to hie iriahea. It often 
happens that they follow a man vho pleaaw them of their ovn 
acGoid and stay with him. He is bonnd to comply with theii 
wishes, and to provide them with food, &c. Their reward consist! 
of cowries, bark-cloths, dressed hides, and even alaves, according to 
the circnmataDces of the roan they fall iu lore with. Should the 
reword fall below their expectations, they always appeal to Kftbiega, 
who in most cases decides in theii favour, slthongh be derives bo 
benefit whatever from them. All that they earn belongs to them, 
and should one of them amaaa a fortune she sets up a aeriba of 
her own, and perhaps marries one of the king's slavea Shoold one 
of them bear a child it belongs to the king as a slave. If it be a 
boy, he is placed later on among the pages {Vagaraggara), and when 
grown-up is enrolled in the bodyguard, always as a slave, but no 
reproach clings to him because of hia illegitimate birth. If it be a 
girl, she is brought up to her mother's profession, also remaining of 
couise a slave of Eabrega, who however comea into no personal 
contact with these women. The institution seems to be very old, 
and Kabrega told me that the first of such women were not 
Wanyoro." When I was told of this custom I was informed that 
Kabrega exercised the right of ^hs jirimae noetia with theae women. 
'They are sometimes permitted to go about the country in couples; 
they wear a distinctive dress, which I saw. If they quarter them- 
selves upon any individual, they take precedence over his wives, and 
expect a good present Apart from this institution, the Wanyoro 
may be said to be fairly moraL 

Language. — In all probability, the ori^nal language of the 
Wanyoro belonged to the Bantu group. It differs, however, dis- 
tinctly from Lngaada. I was not in Unyoro long enough to learn mneh 
about it, but I know that it b very much corrupted, in the nortiiem 
districts the language being very nearly akin to that spoken by the 
Wachopi, while in the south-eastern dietricts there is a certain 
mixture of Luganda. As £min mentioned, it is very curious that 
the market names for articles are different from those in everyday 
use. (See Appendix) 

Grant remarks that the language spoken in Unyoio differs but 
slightly from that spoken at Earogwe. It was not, however, under- 
stood by his followers until they hod been some time in the country, 
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and Emin meutious that he found that Bome of the Kegro ShuU 
liTiDg to the east of the Nile, north-east of Uuyoro, nnderetood the 
language with comparatiTelj little difScultj. Emin and Stanlejr 
have published Tocabnlarias of the Wanyoro language, and I i^ve iu 
the Appendix a specimen. It must be remembered, however, that 
these observera used a difierent system in writing down the sounds. 
Moffieiatu and Divinatums. — In Unyoio thera are many raagiciana 
or wizards, from the queen-mother, who ia very celebrated, down to 
a kind of hermit, either male or female, who lives apart from human 
habitations, in some secluded forest glade. In nearly all cases the 
magicians wear a distinctive dress, variously contrived head-dresees 
of beadworb or feathers, and a profusion of charms, crocodiles' teeth, 
lions' claws, &a. Speke describes a magician who was supposed to 
find stolen or missing goods as follows : — " A rain-gauge had been lost, 
and this magician was brought to find it. The necessary adept was 
on old man, nearly blind, dressed in atripe of old leather fastened 
to the waist^ aud carrying in one hand a cow's horn primed with 
magic powder, carefully covered on the moutb with leather, from 
which dangled an iron belt The old creature jingled the bell, 
entered out hat, squatted on his bands, looked first at one, then at 
the other, inquired what the missing things were like, grunted, 
moved his skinny arms round hia head as if desirous of catching air 
from all four sides of tbs but, then dashed the accumulated air on 
the head of his horn, smelt it to see if all was going right, jingled 
the bell again close to his ear and grunted with satisfaction : the miss- 
ing articlesmust be found. To carry out the incantatioB more efi'ectn- 
ally, however, all my meo were sent for to sit in the open before the 
hut, when the old doctor rose, shaking the horn and tinkling the bell 
close to bis ear. He then, confronting one of the men, dashed the 
horn forward as if intending to strike him on the face, then smelt 
the head, then dashed at another, and so on till he became satisfied 
that my men were not the thieves. He then walked into Grant's 
hat, inspected that, and finally went to the place where the bottle 
had been kepL There he walked about the grass with his arm up 
and jingling the bell to his ear, first on one side, then on the other, 
till the track of hyena gave him the clue, and in three or more steps 
he found tt. Hyena bad carried it into the grass and dropped it 
there. Bravo for the infallible horn I " 
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Amulets and taltemanB are greatly in repute, aud the Wanyoro 
believe that charms and incuntations can render people ill, or even 
kill them. Spake mentions a magic powder which was supposed to 
give the owner the power of speaking with tongaes. 

Divination b; the appearaoce of the eotratls of fowb is greatl; in 
v^ue : sometimes the fowl's stomach is slit open, and according to 
the state in which it is found a prognostication is given ; at other 
times the intestinea are cleansed from blood and floated out in wann 
water. The magicians are conealted before a man may take a 
journey or before war, and, as before mentioned, to discover a 
criminal. Baker wrote — "When my wife was expected to die, the 
guide procured a witch, who had killed a fowl to question it 
whether she would recover and reach the lake. The fowl in its 
dying struggle protruded its tongue, which sign is coDsidered 
affirmative." 

BeligioM beliefs and Svperslitions. — It is a matter of extreme 
difficulty, if not impossible, to give any idea as to the religiovB 
beliefs of the Wanyoro. Feisonally, I was not able to ascertain any- 
thing directly on the subject. Baker writes of the Wanyoro that 
the people had no idea of a Supreme Being nor of tuy object of 
worship, their faith resting apon a simple belief in magic ; and again, 
£min says " no trace is to be found of the idea of a future life." 
Yet, in the light of their legends, their superstitions and their 
stories, it is almost impossible to agree with these statements. ELw 
why the votive huts, or why the belief that Kamrasi, the late 
king, has an influence upon the destiny of the country. It seems to 
me that these things point to the belief in a future life, and the 
existence of a Supreme Being is evidently not altogether a strange 
idea to them, as is proved by their legends of the Great Magician. 
The human sacrifices also to the Great Father and the distinct ideas 
of spiritual beings who overrule personal destiny all indicate that 
further research will elucidate some primitive system of reli^on. 
No one, I think, has at present investigated this matter suffituently, 
but what follows, and for which I have chieQy to thank the writings 
of £min and Casati, as well as some legends I collected myself, will 
at any rate serve to fix a foundation upon which future observers will 
be able to build. 

In Unyoro there is a singular belief that certain men leave their 



1891-82.] Dr R. W. Felkin on the Wanyoro Tnbe. 169 

hats at night and iill travellera in order to eat their flesh or empli^ 
it in vsriona magic arta. The^ retain the human form, but, owing 
to magic power, cannot be canght, as spears and bullete do not 
wonnd them. Curionslf enough, it ie said, however, that long sticks 
aSect them, and with such a stick it is possible for a man to drivB 
them about until dawn, when they can be seen and recognised. In 
some parts of Uny oro it is thought that both men and women can 
it night take at will the form of a lion, a leopard, or a hyena, travel 
long distances, and also may kill and devour lonely wonderera. This 
reminds one strongly of a belief which obtains in Darfonr, and to 
which I referred in my paper on that country. It would seem also 
to point to the fact (hat cannibalism may have been once practised 
in Unyoro. The following stories, one of which is very like one 
told in Uganda, illustrate this point : — 

One night a man was coming home from hunting ; he had been a 
long, long way, and was belated ; losing his path in the dark forest, 
he was greatly distressed, and called out loudly, hoping to attract 
attention. A lion, which was in reality a man, heard him, and 
coming up, offered to show him the way home. Instead of doing 
thi^ however, the lion led his victim deeper and deeper into the 
foresL After a time, seeing no lights, and not coming to any habita- 
tion, he got more frightened, and asked the lion where he was lead- 
ing him. " To my cooking-place," said the lion ; at which the man 
tried to ma away, but the lion killed, boiled, and ate him. 

Kbny years ago, two men rose np before it was light one morning, 
as they wished to go a long journey. They had to pass hy the hnt 
of a noted medicine-woman, and were rather shy of doing so. Just 
as they reached the glade in which the witch lived they saw a 
hyena run into the hat. At that moment the sun rose, and the 
beast changed into the witch. The men rushed forward and, caught 
her, and when thuy had told their neighbours what had happened, 
ehe was condemned to death. She said before she died that she 
had eaten many folk, and she threatened the people with much ill. 
Her threata availed nothing, however, and they clnhbed her to death. 

Casati aays it is believed that any warlike enterprise is destined 
by mipematural power to have a glorious end if a haman victim be 
offered as a holocaust on the frontier of the enemy, and is neither 
insulted nor taken away from the spot by them. " A child of 
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imknown paiente, ■tolen in & dutant country, who from hia jonth 
is Boppoaed to be pure and un contaminated, is buried up to hu 
sbouIdeTB on tbe rood which the army must follow. Along tiie 
route the scouto cautiouely proceed, silent and watchful, alwaja ia 
fear of the danger of amboacades. Tbe column followsat a distance; 
they discover the little head of the innocent victun from afar; it 
leans on its shoulder ; it is the head <^ a corpse, or, agonising, it ildll 
moves, uttering its laat waiting. The chitd being still there, accoid- 
ing to their belief, was a sure sign of victory, and thia was coufirmed 
in their minds by the fact that the enemy had not even put in an 
i^poaraQoe on tbe road or expected an assault, whence they infemd 
that there was nothing to fear, and that ultimate victoiy was certain. 

No one dates to succour the wretched child of propitiation, or 

even address a word of consolation, for fear of breaking tbe chann." 
Casati also gives a description of the ceremony of the mparyo 
which I most quote : — " To appease the favour of the defunct 
Kamraai, resource was had to the ceremony of mpango or the axe. 
The articles for this rite at« a drum, round which is wound a thick 
brass wire (it is also omameitted with talismans consisting of pieces 
of wood, to which are attributed special magical virtues), a wooden 
stool, covered with lion and leopard skins, an iron lanee of about 5 
feet in length, the handle surrounded with brass wire, and lastly an 
axe (mpango), with the haft of wood covered by leopard skin, and 
with brass wire on the upper portion. Tbe day paased. The sun 
hastened towards the west — a blow was struck on the grand drum, 
deep and aolemn. In a moment songs ceased, all sounds were hnahed, 
the market was empty, everyone went to hia own habitation, the 
loads were deserted, and foi three long days silence and sodnest 
reigned around. Only the slow dismal rings of blows strock at 
intervals on the great drum told that tbey were fulfilling the mysteiioni 
rites of tbe mjxiHgo, which caused the miserable inhabitants 
to ehndder with fear. It is the popular belief that the 
nuggare (drum) sounds without being beaten whenever the 
angry spirit of Eamiaei wishes to be appeased by bumaa 
victims. Tbe period of the mysterious rites was passed, the sun 
approached the end of his journey, the great naggare gave forth its 
deepest Bounds, cries of terror mixed with reverence echoed every- 
where, the miserable passers-by, the peaceful husbandmen, wen 
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aeisad, boaad with cords, asdtheii thioata cut ae a holocaost to the 
Great Father. In JuaTa ten unhappy creutoree were killed. Bat 
the aaeriflce ma not to be completed till the next day, when tlie 
king stood erect in the hnt of the mp<aigo, on the tbreahold of the 
luge door of ingreae, dressed in the traditional habit (a great mantle 
of etnff made from the bark of trees), sarmoonted by a leopaid- 
skin hanging at his back and round hia neck, his head crowned with 
talismans, his wrists, neck, and ankles ornamented with large glass 
beads, and holding his lance in his right bond. The members of the 
eondo and all the nobles were arranged in a s«ni-circle iu the great 
court sitting on their little benchea. The guardian of the mpango 
stood at the right hand of the king holding high the fatal axe. 
Nvggare and a small chair belonging to the grand rite were placed 
in the front ; a large cap was on the groond a little way oiL 
Terror and silence rested on the assembly. The king made a sign 
with his head, the great men rose, and bowing, as a sign of rever- 
«nce, approached him. He touched one of them with the point of 
his apear on the shoulder; the chief advanced and extended his 
iieck, the horrid axe descended, the blood was canght iu the cap, 
the king with his fingers aprinkled aome on hia own foiebead aud 
cheeky then on those of the great men ; grasping the vaae, he 
ponred the remaining blood on the drum and on the seat The 
sacrifice waa complete. Nuggare, seat, lance, and cup were raised 
and carried to the queen-mottier. . . . The drums and fife sounded 
for a feast They killed oxen, opened jars of beer, and the 
drunken people danced and enjoyed themaelrea upon the ground 
just bathed with the blood of the victims." The rite is sometimes 
prolonged to the fifth day. 

In Unyoro, as among most African tribes, the appearance of a 
new moon is the signal for great rejoicing. As soon as she becomes 
viuble, gnna are fired, music commences to play, and a dance and 
carousal, which extend tbroughont most of the nigbt, take place. 
When the new moon appears it is the custom for the magicians, 
from Kabrega downwards, to prepare their powders, their amulets 
and talismans, and during the firat few daya after the arrival of the 
new moon divination is practised. With the exception of Caaati, 
DO one seems to have known or heard of human sacrifices on these 
occasions, but he writes aa follows :r-" At every new moon human 
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beiDgB are sacriGced to propitiate the fovoar of the invimble powert 
and to enBure happiness. These immolatioiu are not, hoveve^ 
distinguished hj any particular display. Ordinary budnees is 
Bospended for three days, and the rites of the new moon are per- 
formed iDside the palace by the sacrificing of some victim of pro- 
pitiation, and by killing out of doors, in the directioo in vrhicb they 
wish to frighten away the evil eye, a variable number of individuals. 
They kill bulls on the king's tomb monthly as a sacrifice, and human 
victims are often added to them." 

Should the king or any member of the royal family be ill, hnmsn 
sacriGcee, according to Casati, play an important part in their trcot- 
meot. 

It is a mark of high distinction and of great tnist to be admitted 
to the ceremony of the milk. The members of tlie royal family and 
the great chiefs do not enjoy snch an honour. The performance of 
heroic deeds in war, unalterable fidelity to the king, and, still more, 
being in sympathy to him, are reasons which may admit men to 
this highest of all distinctions in the kingdom. Night having fallen 
and the king's tables being set, those invited to the ceremony enter 
the grand hall of the royal mansion, the dmms heat, the fifes whistle 
the royal march, the king takos a vase full of milk, and then passes 
it to those present, who in turn drink also. "When the cetemocy a 
finished, the doors are opened and the friends of the great men sie 
admitted to the daily entertainment of getting intoxicated on 
copious libations, the king setting the example. 

Even in Kamrasi's time, as Baker mentions, the king's throne, 
composed partly of copper, partly of wood, was said to have been 
handed down for many generations, and was considered to be s 
talisman, as also was an ancient dmm which was greatly reverenced. 
These two articles were jealously guarded by special soldiers and 
seldom used. It was said that should the throne be lost or stolen 
the authority of the king would wane. 

In Unyoro the king is the great rain-maker, but he compels his 
subjects to make him large presents in seasons of drought. 

The natives of Unyoro have a great dread of the snowclad ' 
Bnwenzori. The people believe that its mysteries are guarded by 
demons who would prevent travellers from penetrating its lecesses 
or ascending its higher peaks. 
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Tbs cnatom of making blood-brotberhood obtains in TJnyorn. It 
is accamplished by the contractiDg parties making a few small 
inciaioiu apoo tbe arm, ot aometimea ovei the fifth right rib, and then 
iMpectiTel; licking off the blood. 

Although suicide is not very common in Unyoro, still it doe« 
obtain, nsually owing to a man thinking that his honour is forfeited. 
On star^g for a voyage on Lake Albert a email present is usually 
thrown into the water, either beads or food. A similar custom 
obtains in Uganda, but, so far at I am aware, the Wanyoro have no 
distinct god of the laka 

A Wanyoro will not, if he can help it, return home by the road 
he has previously traversed. It is unlucky for a jackal or a hare to 
CToaa the path. 

The parings of finger and toe nails mnst be carefully preserved 
and thrown into the high grass. 

The king is very superstitious in regard to his food. He does 
not eat poultry, and confines himself to veal boiled with bananas, 
telabone porridge, and banana beer fermented with germinating corn, 
which is called Mueuga, His food is cooked by peisons whose 
fidelity has been tested, and is closely covered to protect it from the 
evil eye. Tbe chiefs have to conform to the king's restrictions in 
their food. 

Women have the monopoly of a certain power of charming which 
cousists in bewitching vegetable or animal food with their eyes and 
then gtviI^; it for food; the eater is immediately seized with violent 
pains in the stomach, which do not pass off until the charmer is 
brought and spits three timee on tbe body of the sufferer. 

The belief in the evil eye of both men and women is universal, 
and no means of protection against it exist 

The cutting of children's upper incisors before the lower is feared 
as bringing misfortune ; when it occnra, the magician is summoned to 
perform dances for the protection of the child, and is rewarded by a 
goat 

If an owl screeches near the house, his roaster dies. If a hyena 
or a jackal repeatedly approaches the house, misfortune is at hand ; 
when the rhinoceros- bird croaks, rain may be looked for. 

If a wagtail sings on the threshold, gaests or presents arrive; if 
a man kills wagtails in the house fire breaks out in it. If a wagtail 
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forsakes its nest made In the house, misfoTtane is near. Tahorea 
and rarens are chief umong the birds, and their elaughter caiues 
illness. If vnltores alight on the top of a poor man's house, he will 
receive rich gifts and presents. 

A piece of the hide of the white rhinoceros worn on tlu bodj 
makee a man invulnerable. Skin of the otter irom on the bodj 
acts as an aphrodisiac 

An eclipse of the son annonnces the death of a raler. Xbe 
Wanyoro spit three times whenever they see n shooting star. 

To Emtn and Casati I am indebted for the following sfaHies 
and traditions: — "In primeval times, say the Wanyoro, people were 
numerotis on the earth. They never died, bnt lived for ever. Bat 
as they became presumptaous and offered no gifts to the 'Oreat 
Magician ' who rules the destinies of men, be grew angry, and, 
throwing the whole vault of heaven down npon the earth, killed 
thorn all Bat in order not to leave the earth desolate, the ' Great 
Magician ' sent down a man and a woman ' from above,' both of 
whom had tails. They produced a son and two danghtcrs who 
married. One daughter bore a loathsome beast, the chameleon, the 
other a giant, the moon. Both children grew np, bat soon diepatee 
arose between them, for the chameleon was wicked and spitofal, and 
at last the ' Great Magician ' took the moon np to the place from 
whence it still looks down upon the earth. Bnt to keep in 
remembrancB its earthly origin it becomes large and brilliant, and 
then decreasBB as thoagh abont to die, yet does not die, but in tiro 
days passes through the horizon from east to west, and appears agaio^ 
tired from its joamey, and therefore small in the western sky. Bot 
the snn was angry with the new rival and bnmt it, so that the 
marks are still visible on its face. The chameleon and its progeny 
peopled the earth, the tails were lost, and the originally pale colonr 
of the skin soon became dark under the glowing snn. At the 
present time the heavenly spheres are inhabited by people with taula, 
who have many herds. The stars are watchmen which the 'Grest 
Us^ician' posts daring the night; the sun is inhabitad by giants." 

According to Unyoro tradition, elephants and chimpanzees were 
once men, and the dog, too, was gifted with speech, but spoke mly 
to his master. 

" In ancient times a man had an honest son, bat he himself w»a 
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violent, and had taken many cattle from hia neigbboura. Once upon 
a time be Qrdeied bis son to go Mid occupy a nejghbom'e boose, and 
if he did not do so be tbreatened to kill bim. Tbe son went and 
slept in that bouse, but found in tbe early moraing that tbe inhabi- 
tants had fled. He dared not return borne, whilst by bimself he 
wonld have starred ; bo he prayed the ' Great Magician ' to rescne 
him, and was thereupon, together with tbe house, turned into an 
elephant" 

" An honest man had an only daughter, and sbe was wooed by a 
neighbour for bis son, wbo had turned out badly. The yonng couple 
lived happily for a short time, but when the yonng wife absented 
herself occasionally from the bouse to visit her parents, her husband 
reproached her with availing herself of this excuse to go after other 
men. Each day ho treated her worse, so she fled and returned to 
her father, to whom she related her misfortune ; and ha, angry at tbe 
■tain that had fallen on hts own and bis daughter's honour, killed 
bimself. At this moment the eou-iu-law arrived, and was transformed 
by the ' Great Magician ' into a chimpanzee. But the wife, wbo 
would not desert him in spite of all that had happened, followed 
him, and from them are sprung the chimpanzees, who still talk 
among themselves like men, and have a fondnesa for women." 

" ' I am better off than thou,' said tbe francolin to tbe tortoise ; ' I 
can both walk quickly and fly.' ' I congratulate you,' replied the 
tortoise. 'I draw myself along, and do my business in the best 
way I can.' Now it happened that some men ont hunting set fire 
to the grass of tbe pbun. Tlie increasing conQagration drew closer, 
and made the circle smaller and smaller. The peril of the two 
animals was imminent and certain. The tortoise drew himself into 
a deep wet hole made by tbe foot of an elephant and was saved. 
The francolin tried to &j, but tbe smoke and fire overpowered him, 
and he fell down and died. He wbo boasts, fails when tested." 

" The leopard entmsted her three little cube to the custody of the 
dog, assuring him that he should have as a recompense for hie 
services plenty of meat, on condition, however, that he never gnawed 
tbe bones. The arrangement went on very well for some time, but 
one day tbe dog, yielding to temptation, gnawed a bone, a splinter 
flew from it, and striking a cub on tbe head, killed iL He found it 
sasy to deceive tbe mother on her return by bringing the two 
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snrvivois up to her to be fed one after the other, the first twice^ 
Soon the same fate befell the second cub ; then the dog, ee^g tliat 
his fault must be found out, fled and sought shelter with a man, who 
promised to protect and defend him on condition tliat he did not 
leave the bouse. The dog promised, but a fev days afterwards, 
seeing a heap of bones at a little distance, he broke his word and 
went oat. The leopard, who had been in search of him for some 
time to avenge the death of her cubs, sprang upon him, killed and 
devoured him, and from that da; the leopard haa not ceased waging 
war upon dogs and eating their flesh." 
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APPENDIX. 



[As my Tocsbularj of tha Wanyoro Isngniige was ver; Bmoll, anil as it 
mi important in the fuw of present eients to publish a vocabulary, 1 have 

obtained permisBion oF the Direotora of tha " Berliner GeHBllchaft flir 
Anthropologie, Kthnologie und Urgeachicbte " to publish a very fiill and 
intereatiDg vocabulary compilad by Emin Pasha, and pnbliahed by tfaem. It 
has never been pnblished before in England. I have to sincerely thank them 
for tbefr oonrteay. ] 

Abma preeatorina Bardnga. 

Air VikoL 

Allnno N&magqj. 

Amomnm (divers species) Mattlngnro. 

Animal Kissdlo (pi. biseiili). 

Ajiswer Kabaka. 

Ant UbLngo, nssdssisi. 

White ant .... UiavfL 

Ant-hill kisvi. 

Aracbis hypogtea MpiLndi. 

Arm Hak<ino. 

Left arm, 1. hand Hnk<inno gn mossd. 

Right arm, r. band . Mnkdnno gu bulid. 

Arrow Mnnda (ngdbbe. Wa- 

Ashes Nkiikke. 

To uk (also to deacriba the 

praying of Arabs) . Enl^gga. 

Toaak Kossebbi. 

I ask Nssebba. 

Thonaakest .... Ueajbba. 

He asks Aes^bba. 

We ask Tuasibba. 

Von ask Uss&bba. 

They ask .... Base^bba. 

Asa mciina. 

AulacoduB Swindamnos . Ussn^ 

To awaka .... Euimiiko. 

To wake Enim^ra. 

Ax« Hpingo. 

Baok . Habigga. 

Banana plantation, plantation . Laaadkku. 

The banana is ripe . . EiUka ki'ri 

The banana is nnripe Kit6ke kibtssi. 
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The Unana is rotten 


Eibike U«i Ic^. 


Banana beer {fennented) . 


Unengo 


Banana beer (DnfemraUd palm 




wine . 


Ssindl. 


Soishnm beer {nnknown in Ug 




anda and made in Unjon 




ontofEleneme) . . 


M*m». 


Banana ftnit . 


Kit^ke {pi. bitdke). 


Banana-b«e . 


Eit<Ske tpL bitdke). 


Bark-cloth (w[th aMack pattern 


Hton«. 


B«in,Uke, river (Mldom) 


Niindja. 


Baeket .... 


Kfbo. 


Bat 


MUiiggn-mbuggii. 


BaUlu ednliB (eweet potatoes 


Biita. 


To bathe. 


Kun&ba. 


To batbe oneself 


En^nsba. 


GlanbeadB . 


Euinsi. 


Red glass beads 


8.igg»n.. 


White glut beads . 


Hoero. 


Green glass beads . 


Bk^nge. 


Sky-blue glass beads 


OUUnia. 


Beard .... 


m\^M. 


Beaid .... 


Mltsu. 


Bewtifnl. good . . 


Boningi. 


Because .... 


All&i. 


Bed (itretcher) 


Ntdbbu. 


Bee 


U(l»6kJ. 


Where hast thbnJMt been! 


Ui noia 


Behind .... 


Nio. 


Bellows .... 


Nsi. 


Belly .... 


Ndi. 


Big, high . . . 


UkAmi. 


To bind .... 


Eabbna. 


Bird .... 


Nj&DUi. 


The bird sings . 


Njiinni akaiolb. 


Bitter, aalty . 


Kissara. 


Black .... 


Meiaguen- 


BUtI* orientalis 


Nj4nge. 


Blind .... 


Pimpite. 


Blood .... 


SsAggama. 


Blood-brother . . . 


Mfiimbiro. 


Boat, ship . . . 


HTitO. 


Body ... . 


Uobirri. 


Bone ... . 


Ktigalti{pl.migaln). 


Bones .... 


Gimba (pi. niagiimba) 


BorassQS Athtopnm 


BetiigiL 


Where were yon bom t 


Ui uinu. 


Bosom 


Mawiri. 


Bow .... 


EitUt. bntti. 


Box 


Terekero. 


Boy .... 


Mddjo. 


Emm .... 


Mnliiri. 



,. Google 



l»l-93.] Dr E. W. Felkin m the Wanyoro THhe. 



BnuMlet .... 


Nadire makdnno. 


■nibmk. . 


Kahinda. 


BrwkfMt . . 


Tniknire miinkoko. 


Bnut .... 


Eiuabba. 


IbfMtbs 


EaokJra. 


To bring, to giTe . 


End^ta. 


Bring 1 givBl . 


Ndita. 


Brook .... 


Kiffgera. 


Brother .... 


Muginda. 


My brother 




Thy brother . . 




Hii brother 


MnganOawi 


Bac«ros (a specien of) 


Waholi. 


Buffalo .... 


UUgo. 


Bufo p.nth8rintti . 


Eikhera. 


Butter, oU 


Meptta. 


Toboy .... 


Kfiguea. 


Calf , . . , 


Njiana. 


I came .... 


Ndaidsi 


TboQ earnest , 


Ud»4. 


He came. . . 


AOai. 


We came. 


TudB*. 


Yon came 


TJda^ 


They came . . . 


Tadai. 


CaS^bal .... 


Taliabauta, mliiggo. 


Canavalia gp. . 


Naafirro. 


ThB c«[iital (town) . 


Mibog^ 


Cat 


LiaSQsi. 


Cercopithecns (a spacin of] 


Nkinda. 


Caroopithecna griaeo-viridis 


HkSnde. 






Cheek .... 




Chicken .... 


Man^e. 


Chief, diatrict goTemor, leader 


Makdngo. 




Hat^Dgali. 


Child .... 


Mtiinn»(pLbaTinna). 


This woman has fixe children 


Mnkkilliiyiursbayanna 




bSUna. {wira thine haa 




fire children). 


Chin ... . 


Eir^u. 


Clay water-pot 


NuOa. 


Clean, neat . 


IWro (lit white, clean). 


Cleror .... 


MagM. 


Cloth .... 


Mienda. 


Clothes {atafl) {Europ«n) 


Diibbago wntdngn (cloth ta 




ofaEoropew.). 


The dothea are torn 


Ltiggoi tJmkire. 


Clood .... 


Bifij-i. 


Coal (glowing ul cold), wood 




«wl . . . . 


Hakkala. 
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Cock . 






Mpanga. 


The cook erowd 






NkikokArrai 


Coffee . 






Mninui. 


Coffee-tree 






Ujamninni. 


Cold 






Mpfe. 


The cold, cold, it is 


col.1 






I am cold 






Ndenemp^ 


Collar . 






Kgl»a. 


Colobus Guerai 






NR^e. 






(Only in South Un 

yoro)4JuW- 


Come, return , 




Idji. 


To come, to return 






Kldje. 
Nasidja. 


ThoD comeat . 






tidja. 


He cornea 






A4je. 


We come 






Tfit^a. 


Yon come 






lJ4Ja. 


They come 






]Udja. 


Come later . 






Ubeaidj4. 


I will oome 






Ni4ia. 


Thou wilt come 






Unidja. 


He will oome . 






Anidja- 


I will not come 






Teudlnu 


I am content . 






Nesaimere. 


Cook 






Mfiimbiro. 


To cook . . 






Knaaiimba. 


Copper . . 






Eik6mo. 


To cut ripe corn 






Eues&rn. 


CorvuB soepnlatus 






i;jik6na. 


Coemetoruia Spehii 






WeibottA 


Cotton . 






Ngoj^. 


To congh 






Kukuihla. 


To oonnt . 






EnbiUa. 


Country . 






EnaL 


Cow . . 






Nt^. 


Croraidile . 






Sa&mbi. 


To cry . 








To cry . 






Entsp^iirra. 


To cut . 






Knttana. 


To cut (with a knife) 




Vudggi. 


Cypma moneta 




SelmbL 


Damp ..... Eigtiberi. 


To dance . 






Kabilla. 


It ii dark 






HoirimmiL 


Darknew 






Liftlanla. 


Daaghler, girl. 






Mriinna. 


Day attar to-morrow 




Lo&birri. 


Day (apace of time) . 




RnnUo. 


Day (as oppoaed to 


ight 




Heeinna. 
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mjMonytattidij . 


latin. 


DMd . . . . 


Iwafwa. 


HeUde^ . . 


Afliri. 


DMt . . . . 


Klgara. 


De»r [«(p«ndve) 


Agfimma. 


To pk7 > debt . 


Kas«ass6ra. 


DeliMte, WMkly . . 


Unanuki. 


Dew ... . 


Dom^DJ. 


Todi« . . . 


Kuffa. 


Diaeconualit>(EiBUBbviwiku 


BiriL 




ItaUngo. 


Dirty .... 




Dog ... . 


HbuJne. 


Thfl dog barks 


Blbu^ne KoigiUa. 


The dog bitw . 


Mbn^ne kumeDDa. 


WhUareyouJoing) 


Uk^lakl. 


My dollar u lost . 


Rialikiuge kangulre. 


To drew oneself 


Kiuu&Ia. 


Dream .... 


Nda<nreh. 


Todrmn 


Kui6lM. 


Dressed ga«t akin . 


T^Iimba 


(from Ugan 




da) ... . 


Bn«». 


Give me a drink 


Td4 tunjuij. 


TodriDk. 


Edmuia. 


I drink .... 


I^nna. 


ThoB drinkMt . 


^nnua. 


Hedriaka . - 


Annua, 


WedHDk 


TiinniM. 


Von drink 


l^nnu.. 


They drink . 


BannwL 


Drink .... 


Nda. 


Driuking-tube . 


Dnasaki 


Long drum 


Mug&Ua. 


Short drum . 


Ifgiimma. 


Ha i» drank . . . 


Attamlre. 


Todcy .... 


Kttfima. 


Dry .... 


Eidmere. 


Dumb .... 


Eibdbo. 


Em 


Entoi (pi. mittul). 


To eat . 


Eolia. 


I eat . . 


NdJlL 


Thoaoateat . 


DWa. 


Heeat< .... 


Alfa. 


We eat . 


TuHa. 


You eat . 


Ulla. 


ITiByeat. . . . 


Balla. 


Bare (over the door} 


Eissikki. 


Bgg .... 


mtit. 


Elbow .... 


LdckogoU. 
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To ead, ended . 
Enemy . 
1 htve euooeh . 
Eatada Budftaic* 
E[alepsy . 
Enropean, white m 
E,. . . 
Evening mol . 

Face 
Tu&U . 

Fat, thick, big 

Father . 

Father's brotLer (uncle) . 

Is four father alive t 

Fieus sp. diff. Tor njannfactare 

of cloth .... 

To find 

Finger-ring .... 

Fire 

To make fire, to light a fire 
To pat oat the fin . 
The fire banu .... 
^e fire hia burnt me 

Fi«ti 

Fisher or boatmau , 
Fiihiug-hook .... 

Fiet 

Fle» 

Flea 

All my peo[ile fled . 

Flour 

Flute, whiatie .... 

Fog 

Food 

Foot 

Foreliead 

Fmit 

Frumenty (Kora.brei) 

Full 



NgMju. 

BaftA. 

Udomnkiuta. 

KumirtL 

Ujig&aa. 

Biuiman. 

Mr>j<ir>. 

Nesimba 

UdBfinga (pi. wa»6ngii). 

Limi (pi. maead). 

Okulla ig611o. 



JiaggaL. 
Log&nda. 
Hanimiro. 

Mukdto. 
Oitd, tite. 
Uag&nda ud t&te. 
Viteo mdmi (thy father 
living 1) 

Mt^ma. 

Knbbania. 
Lu&la (pi. biila). 
Kitem (anbic). 
Hani. 

Kn&kja mnrd 
Eok^lee* rouij. 
MnnS gnika. 
Hur^ g&ndjo kfrrge. 

Balimba. 
NdiSbbo. 
Int<imi. 

NMuihra. 

Bautnw&Qge bona vabto 
(people mine aU fled). 

ITjimberL 

Kjohi. 

Uulfa (lit. to eat). 

Kiggeri (pi. biggeii), 

Buaaid. 

Hui^ju^i (pi. baqJDiui). 

Bfamtfb. 

HkfttL 

Klmiie. 
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Gits! . 


Mpi 


TogiTti .... 


£uertL 


IgiT* . . . . 


NftgibU. 


ThoagiTMt . 


Uagftbbt. 


Hb givM .... 


hUggB. 


W«give. . . 


TuegibU. 


YongiT., . . . 




They give 


Vftgibb*. 


Gol .... 


Ginds. 


W.go .... 


TogiDdfc 


Yougo .... 


Ugind.. 


TlK^gO .... 


B^jnda. 


Togo ... . 


Knginda. 


Igo . . . . 


Hgind*. 


ThoQgo«et 


Ugtedi. 


HegoM .... 


Agindi. 


To go, to erMp 


Knttoboli. 


Goat .... 


Mbnli. 


Gold .... 


(Unknown). 


Good, bad . . . 


Murfingimilbbi. 


Good, well (adirerb) . 


Otio. 


Good-d*j 


Hwinna. luBwer-mes&ont. 




Gerdba. enswer-geriberi. 






Good p«opU 


Bintn nrtngi. 


Good thing. . . . 


Bintu tnningi. 


A(p»d thing . . . 


Klntn knrtngi. 


Gourd .... 


M<ingo 


Oonrd-i« 


Ei»eial. 


OfMdfaitber . 


Djidje. 




Djaidi*. 


Gr«»-hopp«r . . . 


N.ige. 


Gr»Te .... 


Eualka. 


Gn»tlord, title or ruler . 


Mukimm*. 


I greet the higheit . 


Ngdneono ka3i (to Kb- 




brega). 






•• .1 - ■ 


Ifganwno bdki (to Am- 




fin.). 


To greet . . 


Kulunikje. 


Greeting kfter ft vlmt 


Nkn&bft. uuwer-rammL 


Greeting (in the street} . 


Merfmbe. 


The ground 


Bt&kka. 


GniiM-fowl . 


VesdUomi. 


Gob .... 


BendiUL 


Heil . . . . 


Ueb&li 


Hair ... . 


LmU. 


Hii hur ia grey 


InoU lima jmboi 




(Hmii: become gray). 


Hsmmer .... 


NMlmmn. 
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H»mn>er .... 


Njindo. 


Hand 


Biala. 


H«rd .... 


Kigimmn. 


H«i>,gui.ar . . . 


Ntdngcli. 


Hwp-striDg . 


Ugoji. 


H.r . . . . 


Saubbi. 


Head .... 


Htiie. 


B«ck of the head . 


vuu. 


Headache 


Mtu^vuktindmna. 


Healthy, livelj, strong . 


Mudmi. 


To hear . 


Kauni. 


Heavy .... 


KikDremirri. 


He-gost .... 


MpdDJS. 


Heu (ahn lued for cock) . 


Nkoko. 


Hide .... 


Haru. 


HiRh.long . . . 


Heia 


Hill .... 


AkasosyL 




MbirsL 


Hoe .... 


Msaikih. 


To hoe . 


Kullima. 


Hollow, hole . 


Kjfllu. 


Houey .... 


Djuni. 


Hora .... 




Horn, magic, amnlet 


TiKhiaM. 


Horn, trumiiet 


Kiggtiii*. 


Hot .... 


Ok.ftja. 


House .... 


Kjiimba. 


House door 


Mliango. 




Bingo. 


HiiDoh-Wked 


ViMngo. 


1 am huogty . 


DinaneUla. 


To hunt .... 


Kuigga. 


Hunter .... 


M«lggi. 


Hy«na(H.CTOcaU) 


MEttlh. 


Hyatrix crUUU 


Njamttuouto. 


111 


Wum. 


Iron .... 


Tjuma. 


laland .... 


Kialnga, uyaiaJM. 


Jackal .... 


Bui. 


Ja-neio (uot, never) 


J^-ngiine. 


Jar 


Tuigga. 


Jonmay .... 


Lngindo. 


Tujump .... 


Kugnlka. 


Kitchen .... 


Fi^bira 


To kill . . . 


Kuttx. 


IkiU . 


Natt*. 


Thoukillest 


Uuatta. 


HekilU .... 


AnitU. 


We kill . . . . 


Tunitt*. 
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Yon UU UaitU. 

They km .... VanitU. 

To kill • goat .... Knssilla mbiiBi. 

King EibAkks. 

The king's lifs-guud Banuslira. 

A king's sou .... HuUngero. 

Knee KodjirL 

To kneel Xukubuni(lJQ>- 

Enife Miijdli. 

KnowlDg, intelligent, c&p>ble . NamaiiJ. 

I«mb EuttkitAnima. 

Ltioe Moldmnu mungud. 

Und Kjilo. 

I^ter Mutolteki. 

To laogh .... Kuendia. 

Iaj thee, lie down . Kakubissi*. 

Le>d Uwihe^ 

Led Dibb&bi. 

leui. thin .... Aisaiikk«riL 

Leg Ntiinibne. 

Leopard Kg<iL 

A liar Hagobbik. 

To lie Agibbia. 

Lion Ntali. 

Lip Honna (pi, miniii). 

Uttle, few ... . Kad^U. 

Littie girl ... . Ka&la. 

Lirer Inih. 

Hestillli*es ... Atj&li miSmi (still liriug). 

Liiard Kigirra-gaira. 

Toloae Kublla. 

Ldum Maddi. 

To love, to with, to want Kuendta. 

Low, ihort .... M6mpi. 

Lotrasp. .... l^g^nge. 

Madness Ilaliu. 

Mallet (for making bark oloth) NaedmniD. 

Han Hea^ilja, 

The fine man .... Muatn murdiigi. 

An old Dan ... - Uumbiij. 

Mane Nsainga. 

Manihot DtUiuima (Kisnahili 

mahogo) .... Lomioge mkiilu. 

Haois sp. .... Ndumtni. 

Many BingL 

Market Kitali. 

Toman? .... Kubiudoba^^ 

UnnuUTied, widower, poor, Tor- 

■aken, orphan, orphaned Uanikn. 

Plaited mat (from Uganda) Mk^ka. 
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Tokplait m&ts . 


Eoldkamkdka. 


Moal 


Buaaiini. 


Me.t . . . . 


Njimma. 


Medioina. 


Mdbbwi. 


Men, people . . . . 




Hercluat 


Mtlinai. 


To tend a msKenger 


KntHmniB mkuiud*. 


Mid.d«y .... 


M^^4ngue. 


Uid-d>r meal . 


Tulire maaanna. 


Midnight . . . 


MnttAmbL 


Milk ... , 


Matt^. 


Uist .... 


^ohd 


Hoon, moDtb . . . 


EnihaL 


New moon {lit moon newer) 


Kn^hii kadjX 


Homing (time) . . 


Hiinkoko. 


Moeqaito . . 


MJbbn, naadna. 


MoUcilU vidua 


Njamakiingo. 


Mother .... 


M&ma. 


Mountain 


LuBsdai, roaadai. 


Mouse .... 


Ub«ab«. 


Mouth .... 


Mnmmi. 


Mud ... . 


Saibo. 


Mulder .... 




MnsaEnsete . 


Kitimbe. 




Battosi, bkoUo. 


Nail ... . 


Ninno. 


NmI (wood or iron) . 


Dnindn. 


Naked .... 


Buiite. 


What ii hii name t . 


Ibara noe u&nL (name hi 




in what t) 


Navel .... 


NkilDdL 


Near ... . 


MaimpL 


Neck .... 


Vi^i 


Needle .... 


NkinM. 


Neighbour . . 


Kullirina (pL balUliua). 


Nat (for wiid animali) . 


Kitimhw 


New ... . 


Moja. 




Irkibujj (old word). 




Tib*. 


Night .... 


UiUero. 


Nightmare . . . 


Gnppe. 


No 


. N-ga. 


Noee . . . . 


Jendd. 


Now, at once, soon . 


Atti. 


Nnmbew. 




X . . . . 


Tlmmoi. 


2 . . . . 


Bibiri. 


8 . . . . 


BM&ttO. 


4 . . . . 


BiniU. 


5 . . . . 


Btina. 


« . . . . 


MuUga. 
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Nomben — contiwutd. 



7 










Maiiitjo. 


8 






Muana. 


9 










Mu^Dda. 


10 










IkomL 


11 










Ikoai na ttmmd. 


12 










„ „ bibiri. 


13 










., „ biitto. 


20 










M&komiiibiri. 


21 










i.na Ummoi. 


22 










„,. bin. 


23 










„ „ bsittu. 


24 










„ „ biniy. 


2S 










„ „ bUna. 


30 










Makomi aasattu. 


40 










U&komi iniu. 


60 










tUkomi attahD. 


60 










NUga. 


70 










NMinjo. 


80 










Eeniua. 


90 










E^JDda. 


100 










Iginna. 


101 












102 










„ Wbiri 


110 










„ „ milkomi 


111 










timmoL 


112 










IgiDna mUkomi na biri. 


120 










maibiri. 


ISO 










mu&mtu. 


140 










„ muii.^-. 


160 












ISO 










muokaga. 


170 










„ mca^uyo. 


180 










makiniua. 


190 










, mulEij^nda* 


200 










Magtoibiri. 


201 










Maganibirinatlmmoi. 


300 










Magin bisdttu. 


400 










„ an^j. 


600 










„ atihn. 


800 










„ mkaga. 


700 










.. kaai^o. 


800 










„ kill&D>. 


BOO 










„ k^ioda. 


1000 










Kiuirisa. 


Toobqr . 








Euiklria. 


Oh, then 








n^tita. 








Thoa father. 


Old. 






Muktoe. 


Ueiidd 


old 


mail 






Hnkuri. 
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To open . 


EDndtJbaU. 


Oimde . 


Madddo. 


OEtrfch . 


tTdn. 


Owl ... 


Nsslndis^. 


Owl . . . 




Oi . 


NommL 


F»lils . 


N-kassL 


Pain . . . 




Palace . . . 


KjikilL 




N'kobbe. 


PhaoocIiceniB .Slual 


Mb«^ 


Phaseoliui Mango . 


Utdgo. 


Phaseolus sp. diff. , 


Unverango (large), nkdli 




(small). 


Pipe.bowl . . 


Njfingo. 


Pipfrstem 


Dnssaki 


Plaited . 


UkbsM. 


PUIn 


Kjis. 


TopUy . . . 


Kfijini*. 


Pool . . 


Viasero. 


Poor . . . 


HDnikn. 


Powder . 


Bugings. 


Prostitute 


OrsDga OI Tringa. 


FaitUcu erythacne . 


TAkku. 


Python Africanna . 


Hsijimrjo. 


To question . . 


Euballa. 


Qnick . . . 


Mingu. 


Be quick . 


Jingua. 


Rain 


ladjnii. 


Itrtius . 


Indjuri gdire. 


The tain has ceased . 


iDdJori k&iie. 


Bam 


ihrmL 


Beady . . . 


Mo^dl 


Bed . . . 


MntnkulL 


B«d pepper {oapaicum eo 


niciim) Kamrdli 


Rhabdi^ale 




Bhinoceros . . 


. . Pidko. 


Eib. . . 


HU4jn. 


lUdi . . . 


MutflngL 




. . Kls^ig*. 


Bight, true . 


Hasimma. 


Bind, shell (egg) . 


KjiL 


Eiw . . 


Hulggs, kijamlio. 


Road, path 


UnhiDda 


Bock . . . 


Hassidju. 


Boof . . . 


Koaaerika. 


Pointed wof . 


Kitfkro. 


Boot . . . 


Msai. 


Hope, string 


Mngeui 
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TorubcmBKtfwitltfkt . 




Kaiiiga migitta. 




Rudder . . . . 




Ng^. 




Rnn . . . 




Eyeraka. 




To ran . 




KoirUkka. 








Bik&ii^'u. 




Hebuwid . 




AvidBO. 




I«y . . 






Uviaa. 




Thoa Mjwt 






Uv&u. 




Heia^ . 






Aviaa. 




W,«y 






TavAsa. 




YOUMJ . . 






Uvisn. 




They My . . 






Vaviaa. 




What sayeat thoD t 






Ugimba ki ? 




Wlwthastthonwud 


t . 




Ugdmlge ki 




Salin 






Ualfisan. 




a>it 






Minjn. 




3.ad 






Masinje. 




Umutislicd . 






Nikntr^. 




Scales (fish) . 






BiRimb*. 




R&injKBson . 






Wwi4iiir". 




Toiee . 






Euvdnn«. 




Isee 






Nvdnna. 




TbonBeest 






Uvinna. 




He>e«e . 






Aranna. 




Wessa . 






TuTinna. 




Toaxw . 






Uvinna. 




The J see . 






TaTinna. 




To seek . 






Enmdnja. 




ToMek . 






Kumdnja. 




To mU . 






Kutlinda. 




Sewmum orientale 






Hakj4nd<. 




ToKtw . 






KoraMlra. 




Sharp . 






B6gi. 




To ahave . 






Kngimb*. 




Sheep . . 






Ntinima. 




SUeld . 






Ngibbu. 




Shoes (red uabic] 






Nk^to. 




3hooting.8tar . 






EjiyaD^raaa 




Shoulders 






Kibe^jga-heggs (aing. ibcgga). 


To be silent , 






Knssilika. 




Silver 






(Unknown). 




Tosbg . . 






Kubinna. 




Siater . . 






Hjak^itu. 




To dt, to lUy . 






Eukin. 




Sit,.t*yt 






Ikkira (kntadda. 


Wahuma) 


Sit down . 






Ikkir* vinari. 




Skin 






Udfbba. 




Shins worn aa clothing 




Kaaittu. 




Woman'B skirt made ot 


\mx\ 






cloth . 




MabAgo. 




Skull 




Kjiiaga. 




Sky . . 






Igurn. 
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Th« »k]r U cleu 


IgqmtakviiL 


Slave .... 


Mnlro. 


To call a alave . 


Knfta mdddn. 


Sleep ... . 


Biasia. 


Toaleep. . . . 


EneUM*. 


Slowly .... 


Mpdlan. 


Small .... 


JM6\l 


Small, narrow . 


UaffUnda. 


Smallpox 


Blindn, kaMndu 


Smith .... 


Hiiehssi. 


Smoke .... 


Mnlka. 


Snail, murnl . 


NiMinko. 


Snake ... - 


U^okl 


Thi snake creeps . 


Udj6ka akniwa. 


ToBDoeze . . . 


KotMia. 


Snout (lit hand) . 


Hnk6nno. 


Soap ... . 


Seabdn. 


Soft .... 


Kikirobd. 


Son 


Htabano. 




Haiua. 


SoTghnm vnlgare 


U.Sgnssa. 


Sour ... . 


Nuigera. 


To BOW . 


Knsslgga. 


To «p«k 1 

To talk / ■ 


Kngimba. 


I talk . 


Ngimba. 


Thontalkest . 


Ugamba. 


He tslki .... 


Agamba. 


We talk . . . 


Togimb^ 


Totttalk. . . 


Ugimba. 


They talk 


Bagjmba. 


To apeak, to »y . 


EuTiM. 


Spear, lance 


I«»mfi. 




Etdikla. 


Spider .... 


UaUUibi. 


Spoon ... . 


NgimU. 


Spring, natural Tewrvoir . 


Eiasiba. 


Stars .... 


Njii y^hsL 


Stay Willi ffle . 


TfiUn&nge. 


Toateal . . . 


Eniba. 


Stepfather and brother-in-law 


UnkkdL 


Stick, staff 


MIggo. 


Stocks .... 


Todn. 


Stone .... 


Ivan. 


Stone .... 


Kab&lL 


Stool .... 


Eitibbe. 


Take the atool, take the stoo 




away .... 


TniUktibc 


To ttU itoriea . 




Stranger . . , , 


MiSginj. 


To strike. . 


Kdknba. 


Stupid .... 


Msslrni. 


8nekliDg(babe} . . 


Eihna, 
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Sun 


iBBOnna. 


Ths ion ia risen . 


laainna d^nlkri. 


ThBwinisBet. 


iM&nna dngnlre. 


The HOOD (aun) is bot 




lime before raneet . 


WaigdUo. 


Time jnst afler eaiiMt 


Gonimmai. 


Swellow 


Utu. 


Sweet 


Httyo. 


Sweet 


En«B^~. 


Sweet food . . . . 


Knliaknn^ 


SjphilU . . . 


Eabi^Tendjii. 


Tul .... 


Mukkira. 


ToUke . . . 


Kutuila. 


Tamariiid tree 


Mkdgi. 


Tear ... . 


Waligga (pi. baligga). 


Title for th« first chief . 




I tbenk (yon) . 


G jnda knUsaia. 


Thanka .... 


Vibbali or ukneberaa. 


Thief .... 


Mnlbi. 


Thigh .... 


KibSro. 


Thin ... . 


Baddll. 


lamthintT . 


Dinmiiro. 


Thorn .... 


Eivafpl.maTTi). 


Throat .... 




Thunder .... 


Inknbbi. 


To »moke tobacco . 


KAnnna tiba. 


To-day .... 


Er^ro. 


To-morrow 


Hkj&. 


Will you come to-morrowt 


Oliriied. 


Toogne .... 


Lnlumt 


Tooth .... 


Llhoo (p). mUno). 


Toothache . 


Linio vnkdndnma. 




Ngibbi. 


Tree ... . 


MBSali (pi. kiesili). 


Fallen tree* . . 


Eotima kiBaili. 


Troglodytai apec (ohlmpani) 


Kinjabintu (lit. manlike). 


Turtle .... 


Inkudi). 


Tuak, Ivory . 


ae4nga(p1. maeainga). 


Twiaa .... 


Baldngo. 


The flratbom (twin) 




The aecondbom (twin) 


Kito. 


Ugly, bad . . . 


Mfibhi. 


Mother's brother (uncle) . 


Hugdndauimima. 


Tonrinata 


Eunjira. 


Venns .... 


Njinsi jakn^ bai (the moon's love). 


Tmage .... 


Kjika (miikka. Wahnma). 




Mpindi 


Tnltnro .... 


Na^gga. 


Walk .... 


Ennnga. 


It ia warm . . 


AttagittirL 


lamwatm . . 


trtomlM^ 


TowMh. . . . 


Enuawla. 
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To wmih oneMlt 

Water 

Give mo a little water 



High water 
Low vtter 
The water boils 



Wilt thou shew me 
Week 
Weir-baaket for tr»i 



He U well 

He vent . 

WeBt(lit.satoI» 

Wind 

To wind . 

Witch, wizaTd . 

Whirlwind 

White 

Whit* pe»rl . 

Woman . 

The good woman 

Wood 
Split wooil 

Woodpecker (Piou 

Wool, feathers 

Word 

To work . 

Wonn 

To write . 



Yesterday 

He is still jroung 



KueBBwia. 

Ma^L 

Nd«ta mi^i kaddli 
(Give me water little). 
Ua^i gangL 

Ma^i ksddli. 
Ms^i gattgaittere. 
Maeai gakfokii. 
Haeei gikoa kji. 
Ononjol^ko kfibbn. 
Hnim'o. 
Enr^nde, kijiMnde. 

Ginure. 

Bnggfii. 
Mnjigga. 
Kfimira. 
Hbindna. 
Efrimn. 

Njttdae. 

Hukkiai(pl.bakkisi). 

Hukldiai mnrtngn. 

Bakkjai, bangj. 

Lukknf (pi. nkul). 

Kuattii lukkm'. 

Nkiinkon*. 

Vija. 

Eig&mbo (pi. bigdmbo). 

Kuki&la. 

Kiniingoro. 

EnkdU (to work). 

Rdboga. 



la (pi. miika). 



Atjili. 
Bi06li. 

Ntl^gge. 



Emin found that at the market at Kabrega'a capital, certain 
words were used which were not those usually employed in every- 
day language. He gives the following examples : — 






Banana . 
Banan " . . 
Bark-clotll 
Butter, oil 

CoCTee . 
Heal 
Heat 
Salt 

Sweet potatoRB 



Vvai WorU. 
. Bitoke 
. Muenge 
. Hbugu 
. Hegitta 
. Muanni 
. Bimiani 
. Ujamma 
. Miiqja 
. Issoina 



. Viakonga. 

. pjara. 

. Kabnmba. 
. ^anjoi. 
. Rengoa. 
. KarunaDJiao. 
. Bnmcmoro. 
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Note on the Division of Space into Infinitesimal Cubes, 
By Profeaaor Tait. 

(Read DecembsT 6, 18B2.) 

The propositioii that " the only Beriee of suifacea which, together, 
divide space into cubes are planes and their electric images " pre- 
sented itself to me twenty years ago, in the conne of a quaternion 
inrestigation of a class of Orthogonal Isofltermal Sur/aees (Tram. 
R.S.B., Jan. 1872). I gave a second version of my investigation 
in vol. ix., p. 527, of our Proceedings. Prof. Cayley has since 
referred me to Note vi., appended by Liouville to his edition of 
HoBg^'s Application de VAnalyse it la Giomilrie (1850), in which 
the proposition occurs, probably for the firet time. The proof which 
ia there given is very circuitons ; occupying some eight quarto pages 
of small type, although the reader is referred to a Memoir by Lam6 
for the justification of some of the steps. Bnt Liouville concludes 
by saying : — " I'analyse pr^c6dente qui ^tablit ce fait important n'est 
pas indigne, cb me semble, de I'attention dos g&mStres." He had 
previously stated that he had obtained the lesnlt " en profitant 
d'ane sorte da hasard." As Liouville attached so much importance 
to the theorem, and specially to his proof of it, it may not be 
uninteresting if I give other modes of investigation. The first of 
them is merely an improved form of what I have already given in 
our Proceedings ; the second (which is the real object of this note) 
seems to have secured nearly all the advantages which Quaternions 
can afford, in respect alike of directness, clearness, and conciseness. 
It is very curious to notice that much of this gain in brevity ia due 
simply to the fact that the Conjugate of a certain quaternion is 
employed along with the quatemion itself in my lat«r work ; while 
I had fonneriy dealt with the reciprocal, and had, in consequence, 
to introduce from the first the tensor explicitly. The investigation 
should present no difficulties to anyone who has taken the sort of 
trouble to remember elementary quaternion fnimnhe which every 
VOL. XIX. 22/12/92. N 
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tyro in integiation has to take to fix in bis memoi; the values of 

dianXfd log. — , or d tan "'«, &c. 

The only peculiarities of the question seem to be due to the 
contoast between the (apparently) great generality of the initial 
equation and the extremely restricted character of the sole solution. 
This will he abundantly evident &om the discussions which follow, 
since it would almost appear as if the conditions arrived at were too 
nnmerouH to be eimultaneously eatiafied. I Gnd it very convenient 

to use a symbol 3 (in the sense of ■-^\ to express rate of in- 
crease per unit of length. Thus 



dx dy dx' 
may be written 



where ti, ^, y are any rectangular unit-syatem. 

The equation 

da-=nq'^dpq, (1) 

(where u ia a scalar, and q a versor, function of p) ensures that an 
element of space at o- corresponds to a similar element at p ; so that 
the transfonnation from p to <r, or vice versd, is from one mode of 
dividing apace into infinitesimal cubes to another. [From the 
purely aoolytical quaternion point of view the question may be 
regarded as aimply that of Snding u and q as functions of p, bo that 
the right-hand member may be a complete differential.] We have 
at once 

Sodir = - Sdp y . Stur = tiS.dpqag~^ 

whatever constant unit vector a may be. Thus 

- ^Sair^uqaq-\ (2) 

A part, only, of the information given by this is contuned in 

\V.ugaq-^ = 0, (3) 
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= V-( V 22"'?<»2"* + ?o9"^ V 2?"') - 2S.qaq'\i.Vg^q~i 
= 2qaq-*S. V23"* - 2S.?a2-'vi. Vg,2-i. 

From the snm of the three equations of this form (each mnlti- 
pUed by its qaq'^) it appean at once that 

S.y2y-i = 0; (j) 

so that, OS qaq~^ may be any unit vector, 



-2S(iVi.M-> 



From two oi the three eqaations of this form we have 

S^T..S!-j)-8,(v.;8S!.,). 
and this, by means of (5), gives 

or 

There are, of conise, three eqaations of this form, and they give by 
inspection 

The first and last of these equals give 
vhoae general solution is known to be 

where m and « are constants. The other members ot (7) show that 
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one term only of this S iB admissible ; so that, as no origin was 



From the three equations (5) we get also 

V(«2) = 0, 
•othat 

q=Vp.a, 

a being any constant veisor. Thus we have the complete soInttOD. 
It gives by (1) 

d<r =■ if^ ~ ^p'^dpft ~ *fl 
= -fn?a~''-dp'^a, 

so that cr is merely -fi~', multiplied by a constant and subjected to 
a de&nite rotatioa 

But the following process is very much simpler. For we may get 
rid of the factor u, and so greatly simplify the investigation, V 
writing the equation of condition in the form 

d<r = 'Kqdp^ . ... (1) 
It gives at once 



\.y(vq-y^Sr' 



Multiplying by y, and adding the three equations of this f< 
we have 

-Vg?-!-^, or vffTff-O. 

By the help of this we may write (a) as 

Tq "A'lV " Ua'/' 
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Ro that 

Thus, OS the form of the three middle terms ahawa that theii 
common valoe most be some eonstaiti qnatermon, 

or 

Vq 

for we need not add a constant vedor to p, and the form of the 
first of the five equal quantitieg above shows tbst no qualemion 
conatant (except, of coarse, one of the form <a abeady referred to) 
can be added to the right-hand sida 
Thus, finally, as before 

dtr = —Up' ^dpp ~ 'Ka . 

Though the methods employed in these two investigationa are, at 
least at first sight, entirely different, it will be eaaily seen that the 
equations (7) and (b) to which they respectively lead are identical in 
meaning with one another, term by term. Yet the former shows 
two differentiations in every term, while the second appears to in- 
volve one only. Thos also, two distinct integTations were required 
in the first aolntion, whUe one sufficed for the second. But in 
the first, the tensor and versor of the qnateinion were all along 
s^iarated ; in the second the quaternion itself was directly songht 
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On the Olf^toiy Organs of Helix. By Dr A. B. Griffiths, 
F.R.S. (Edin.), F.C.S., ic. 

{KeadMaj2, 1892.} 

Sochaczewer* has ezamined the olfactory organs in the Pulmo- 
tjaeteropoda. In these animals the organ of Semper, the pedal 
gland, and the teutacnla have each been considered to have the 
function of an olfactory organ. Sochaczevei states that i (a) The 
oi^an of Semper is small in Helix, Arion, and Hmncens; bat is 
well developed in Limax. In the last mentioned animal it has the 
form of four or five glandular lobate processes, which are set at the 
aides of the month. This organ is supplied with four nerve-fibres. 
The two median are mnscolar in character, while the lateral 
branches are the proper labiales, which give off, one on either side, a 
fine nerve-bianch to the glandular branches of the organ of Semper. 
The cells of the constituent lobes resemble the glandular cells of the 
salivary glands ; in other words, this organ has not an olfactory 
function, {b) The pedal gland is an olfactory organ. It is well 
supplied with nerves ; but experiments are difficult to try in such 
an organ, (c) The tentacnla of Helix pomaHa are not the seat of 
the olfactory organs. After having cat off the tentacnla, and 
allowed the wounds to heal, he then placed the snails on a flat 
plate, the edge of which was smeared with turpentine. He says 
that both the mutilated and unmutilated specimens turned away 
from the edges, and he therefore concludes that this proves that the 
tentacula are not the seat of the olfactory organ. 

But Sochaczewer has overlooked the fact that the mutilated or ex- 
cised individuals receded from the turpentine because this fluid gave off 
an irritating vapour which acted on the sensitive tissues generally ; f 

• ZeUtchriflfilT WimenMhaftlithe Zix^gie, vol. 3G, p. 80. 

t It should be borne in mind that the whole body u eitremelj sensitive to 
tbe utioa of irritatiiig vspoars ; and in the tentacnla thU ecuaitiveceea is 
much mora delicate than over the genenl aurface. 
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and it was this irritation or aeDse of pain which caused both the 
excised and non-«xcised animals to retract their steps, The vapours 
of bromine, ammonia, and other irritating liquids act in a similar 
manner ; consequentlj, we are justified in rejecting Sochaczewer's 
Boggestion that the pedal gland of Hdix performs among other 
functions that of an oliactoTj oi^an. As the pedal gland is a highly 
cellular organ which secretes mucus, it may be stated that the 
rapoars of irritating liquids cause a much more rapid secretion of 
this fluid, which is due to the stimulation or excitation of the 
secreting cells. For it is known that (a) every action that modifies 
the normal condition of a cell is an irritant of that cell; {b) every 
- external force, provided it has a certain intensity, is capable of in- 
ducing cellular irritability ; and there is no doubt the action of the 
vapours of turpentine, bromine, and ammonia on snails (either with 
or without their tentacala) cause tham to retract their steps from 
snch irritating vapours. 

Now, as a matter of fact, the tentacnla are the seat of the olfactory 
o^ns in Helix pomatia, Xeai the end of each tentaculum there is 
a ganglion from which nerve-fit^es pass to the epithelium in which 
are sensory bulbs. To prove that the tentacula are the seat of the 
olfactory organs in Helix pomatia and Helix aspersa, the author 
placed a number of these animals on flat slabs, the edges of which 
were smeared with eau de Cologne, methyl alcohol, ether, and ethyl 
acetate. The vapours of these liquids do not act as irritants, for the 
secretion of mucus appeared to be perfectly normal. Those animals 
whose tentacula had been removed, gradually approached to the 
edges of the slabs ; but those anifials whose tentacnla had been left 
intact did not approach, but turned away from the edges. This 
proves that the tentacula are the seat of the olfactory organs in 
Hdix; because in these experiments excitation, due to irritating 
vapours, was reduced to niL It will also be seen that non-irritating 
substances alone in the state of vapours, or of fine particles sus- 
pended in the atmosphere, can provoke olfactory sensations, not 
only in the higher animals, hut also in the Pvlmogtateropoda, and 
other Invertebrates. 
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On the Beoal Organs of the Asteridea. By Dr A. R 
Griffiths, F.R.8. (Edin.), F.C.8., Ac 

(Bead May 2, ISS2.) 

I have already ehown * that the aecretion of the five Ui^ cardiac 
sacs of the atomach of Urasler rvhena contains uric acid ; and 
cousequGutly these saca are coDsidered to be the necessary apparatne 
for eliminating the nitrogenoas prodacts of the waste of the tiasuea, 
Ac, from the blood or hydrolymph. It may be stated that Hr 
H. R Dorhamf faaa raised the question that there is a possible 
eonrce of error in condoding that these sacs have a reual function. 
He says that "it is possible that the uric acid arrived into the 
starfish's stomach in the interior of small masaels, i&c, vhose 
excretory organs contra that body, and of which as food Uie staififh 
appeaia to be very fond : anyhow, such a source of the uric acid 
must be eliminated before Griffith' conclusion can be accepted; 
for obviously, if the preswce of urates were demonstrated iu the 
gastric contents of an individual who had recently supped off 
oysters, it would by no means follow that the stomach was the 
organ whereby t^o individual excreted his urates." Certainly not ; 
but Mr Dniham has overlooked the fact that if the iiric acid had 
been introduced along with the food, I should also have found urea 
in the contents of the starfish's stomach ; but I conclusively proved 
that urea vas absent. 

Now, aa a matter of fact, Mr Follows and myself % have shown 
that urea (as well as uric acid) is present in the secretion of the 
oi^ans of Bojanus in the Lamdlibranehiata ; and, therefore, if the 
starfishes had eupped off oysters oi mussels, I should have found 
urea, in addition to uric acid, in the contents of the stomach. Bnt 

• Proceedings qf£oyal Society qf London, vol. 44 (1888), p. 825. 

+ Quarterly Journal of MicnmopiaU Sdenet, vol. S3 (1891). 

t See the Chemical Kincs, vol 61, p. 241 ; Proceedings qf Royal Sodetg of 
SdinlniTgh, vol. 14, p. 230; and the author's book. The J%ytiologg o/ the 
InverUbraia (Reeve & Co., London}. 
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this was not so, for uiea is always absent in the trae secretion of the 
cardiac aaca of the starfish's stomach.* 

Then again, the animals used in the investigation had been kept 
in a tank for very many days withont food ; and to avoid any 
possible Bonrce of error, the alimentary canal had been previonsly 
washed ont by injecting water throngh the oral aperture of each 
individnaL This being done, each animal was then placed in a 
tank of water and kept as already stated foi very muiy days before 
being used in the investigation. 

Further, it may be stated that the sacculated walls of the cardiac 
sacs of the stomach of Unufer rubens take up indigo-carmine, and 
as A. Kowalewskyf has shown that this is charactoriatic of an 
excretory organ, we have additional evidence that these sacs in 
Urtuter perform the function of a renal organ. 

I am far from adversely criticising Mr Durham's important work 
on the excretory nature of wandering cells in Echinoderms and 
oUier Invertebratee, but it should be distinctly undeiatood that in 
Unuter the cardiac sacs of the stomach form the chief appaiatns by 
which nric acid is eliminated from the system. It is possible, nay 
probable, that wandering cells (carrying eSete matter) may find 
their way to the cardiac sacs of the etomach of Urtuter and other 
Aderidea. In fact, it may be stated that Shipley } considers that 
in the Simdinea wandering cells may collect and carry efTete 
products to the nephridial aacs, and after undergoing d^^eration, 
these products are excreted through the nephridinm or segmental 
organ. The secretion, or rather excretion, of the nephiidia of 
Hirudo contains uric acidS 

Since my paper (Joe. eit.) was pabUshed (in 1888), I have proved, 
by the same methods of investigation, that the stomaoh of SoUuier 
and AstTopeden also performs the function of a renal organ, for 
nric add ia readily extracted from the secretion of that oigan. It 

* This ititamsiit maj be T«adUy confirmed vhen the proper teoti are 
ikilfnlly applied. I mj " sLilfulIy applied " because certain nltrogenons and 
ether compoonds have been eaid to be present in tbs secretion of the renal 
organs ot many Invertebrktes, whicb are not present at alL 

t BioUipiAa CentralllaU, Bd. ii. (leBB-SO), pp. 33, 85, and 127. 

X studies from Morphol. Labor., Cambridge, vol, G (IS90), See alio 
V^dovBkj'i Sydaa do- Oligoduxten, v., pp. Ill, 112, and 127. 

S The author, ia Pr«ueding» <)f Jtoyal SoeUly <if Sdinimrgh, vol. 14, p. 848. 
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may b^ therefore, stated that the stomach or pjrioric sac ot the 
Atteridea is a digeetive cavity and a renal oigan ; i.e., it has it dual 
functioD. This is no exception among Invertebrates, for, as Darrin 
states in The Origin of Spedes (chap, vi.), " namerous cases could 
be given among the lower animals of the same organ perfomuug at 
the same time wholly distinct fonctiona." 

In conclusion, it would be interesting to knew whether llie out- 
wandering cells in EchiDoderms contain nric acid. If ao, it would 
be proved that these cells form an additional means of eliminating 
this nitn^nous substance from the system — ^jnst as the skin in Uie 
higher animals supplements the kidneys in eliminating excretory 
products. 
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Note on Unirorm Convei^ence. By Professor Cayley. 

(Read Deoeiuber G, 1SB2.) 

It appears to me that the form ia which the definition or con- 
dition of uniform conveigence is nsnally stated, is (to say the least) 
not easily intelligible. I call to mind the general notion : We may 
have a seriaa, to fix the ideas, say of positive tenna 

(0). + <l).+(2)., . ■ + («) 

the snccessive terms wheieof are continuoos fonctions of x, for all 
values of x from some value lees than a up to and inclusive'of a (or 
from some value greater than a down to and inclusive of a) : and the 
series may be convergent for all such values of x, the snm of the 
series ^ is thus a detenninate function 4>^ ot x; but ^ is not of 
necessity a continuous function ; if it be bo, then the series is said 
to be uniformly convergent; if not, and there is for the value a: — a 
a breach of contimiity in the function ^, then there is for this 
valne :E = a a breach of uniform convei^nce in the series. 

Thus if the limits are say from up to the critical value 1, then 
in the geometrical series 1 +x-l-a;*+ . ■ ., the successive terms 
are each of them continuous up to and inclusive of the limit 1, but 
the series is only convergent up to and exclusive of this limit, vie. 
for a: = 1 we have the divergent series 1 + 1 + 1 + , . , , and this 
is not an instance ; but taking, instead, the geometrical series 
(1 -a;) + {l -«)a; + (l -j;)3:*+ . , . .here the terms are each of 
them continuons up to and inclusive of tbe limit 1, and the series is 
also convergent np to and inclusive of this limit ; in fact, at the 
limit the series is -!- -i- + . . . We have here an instance, 
and there is in fact a discontinuity in the sdm, viz. x<\ the 
sum is 

a-ar)(i+a:+3~'+ . . .).=(! -^)-rj^.-i; 

whereas for the limiting value 1, the snm is 0+0 -t-0+ . . ., = 0. 
The series is thus uniformly convergent up to and exclusive of the 
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valae x = \, but for this ralne there is a breach of nnifonn oon- 
Terg«nc«. 

I remark that Dn Bou-ReTmond in fau paper, " Notiz liber eineo 
Canchy'schea Satz, die Stetigkeit rou Summea uaendlicher Beiheu 
betrefiend," Jlfaa. ^nn., t. iv. (1871), pp. 135-137, shows that wheo 
certain conditions are satisfied, the sum ^ is a continuous function 
of X, bat he does not use the term " uniform conveigence," nor give 
any actoal definition thereof. 

M, Jordan, in his " Coura d'Analyse de I'EcoIe Poljtechnique," 
t L (Paris 1882), considers p. 116 the Beries« = ti^ + ti,+t(j+ . . ., 
the terms of which are functions of a variable z, and after remark- 
ing that such a series Is convergent for the values of z included 
within a certain interval, if for each of these valnea and for every 
value of the infinitely small quantity < we can aasign a value of 
n such (iut for every value of p. 

Mod (tt,+i + «.+,+ . . . + «,+,) < Mod «, 
< being as small aa we please, proceeds — 

" Le nombre des termes qu'il est necessaiie de prendre dans la 
e^rie pour artiver ii ce r^ultat sera en g6n^ral nne fonction de ; et 
de (. I4'£anmoins on pouira trie habituellement determiner un 
nombre n fonction de < seulement telle que la condition soit satisfaite 
pour toute valeur de z compiiae dans I'intervalle coosid^r^. On 
dira dans ce cas que la s4rie a est vn\formemeni convergente dans 
cette intervalle." 

And similarly Professor Chrystal iu his Algebra, Part II. (Edin- 
burgh, 1889), after considering, p. 130, the series 



x + i.2x+l^2x+l.3x+l ' ■ ■ ^ (»-l)«+l.wa:+K ■ ' 
for which the critical value is :tr=0,and in which when 2 = the 
residue B. of the series or sum of the (n + 1 )th and following terms 

is proceeds as fallows : — Now when « has any given value, 

1 

13-+] 

given poBiUve quantity n. But on the other hand, the smaller x ia 
the larger must we take n in order that — — j many fall under a ; 
and in general when x is variable there is no finite upper limit for 
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n independent of x, say », eacli that if n > t» then E, < a. When the 
residue has this peculiarity the series is said to be w/n-uniformly 
convergent ; and if for a particular valae of x, such as ar = in the 
present example, the nomber of terms required to secure a given 
degree of approximation to the limit is infinite, the series is said to 
converge infinitely dowly. 

And he thereupon gives the formal definition : If for valuer of x 
vritkin a given region in Argarufs diagram we can for every value 
of a, hoteever small Mod. a, auiffn fornan upper limit v indb- 
PBNDENT OP X, such that, vhen n>v, Mod. B,<Mod. a, then the 
series ^n,x) is said to be unipoemlt convergent within the 
region in question. 

The two fonns of definition (Jordan and Chiystal) appear to ma 
eqnivalent, and it seems to me that construing the definition 
«frt«%, and applying it to the above instance (l-3:) + (l-3;)«+ 
(l-a:)x*+ . . ., the definition does not in either case indicate 
a bleach of uniform convergency at x = 1, viz. the definition shows 
uniform convergency from x = to x=l~t, c being a positive 
quantity however small, or (as I have before expressed this) uniform 
convergency up to and exclusive of the limit 1 ; and further, it 
shows uniform convergency at the limit 1. For at this limit, the 
series of terms is + + ■)- . . . , the residue or sum of the 
(n + l)thandsubseqttent terms is thus also + + 0+ . . .,and 
we get the value of this residue, not approximately, but exactly, by 
taking a single term of the series. Jordan and Chrystal calculate, 
each of them, the residue from the general expression thereof by 
uniting therein for a: or 2 the critical value, and then comparing the 
value thus obtained with the values obtained for the {n+ l)th and 
subsequent terms of the series on substituting therein for x or 2 the 
critical value, seem to argue that the discrepancy between these two 
values indicates the breach of uniform convergency. 

It may be said that the objection is a verbal one. But it seems to 
me that the whole notion of the residue (although very important 
as regards the general theory of convergence) is irrelevant to the 
present question of uniform convergency, and that a better method 
of treating the question is as follows : 
Considering as before the series 

(0), + (l).+ (2), . . . -.(«), . . . 
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where the functionB (0)a (1)^ (2)^ , . , are eadi of them couljnu- 
0U8 up to and iQclueive of the limit a;— a, and the series has thoa a 
definite sum ^, this aum ia primA facte a coutinuous functioD of 
X, and what we have to explain is the manner in which it may come 
to be discontinuous. Suppose that it is continuous up to and ex- 
cluaive of the limit x — a, bat that there is a breach of continuity at 
this limit : write x = a-t, where « is a positive quantity as small 
as we please, and consider the two equations 

.^ = {0). + (l). + (3),+ . . . 

<^-{0). + (l). + (2).+ . . . 
then we have 

^_^„, !___+____+ . . .J.. 

Hence if the snm of the series in { } is a finite magnitude M, not 

indefinitely large foi an indefiDitoly small value of c , we have 

<^ - ^ = «M, which is indefinitely small for < indefinitely small, 

and there is no breach of continuity; the only way in which a 

breach of continuity can arise is by the series in { } having a 

value indefinitely large for < indefinitely small, viz. if such a 

N N 

valneis— , then ^-^ — c — ,>> X, and as a: changes from a - < 

tc a, the sum changes abruptly from ^ (a - «) to ^ (a - «) + N. 

The condition for a breach of uniform convei^ency for the value 
x = a, thus ia, thatwritlngx— a-t, < a positive magnitude however 
small, the series 

JO>..HO). (iwi), 

a-x {a-x) ' ■ ■ ■ 

shall have a sum indefinitely large for c indefinitely small, or say 
as before a sum = — . 

For the foregoing example, where the series is 

(l~x) + x(l-a:) + ^(l-x)+ . . . 
the critical value is a» 1 : we have here (n).=y(l -x), and con- 
sequently 

+a?-')-(a"+tf"-"a; . . . +a:") 





a-x 


(a- 


■ x) 


. 


{a'-'*a'- 


■'.e . 




= 


~«"fora = l 
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The aeries 

( 0).-(l>). , (l).-(l). I 
a-x a-x 

thus is 

-(l+a! + a^'+ . . .) 

Til. ve hare 

which is right since by vhat precedea (^(1 ~ c) = 1, ^1 =0, 
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On a Certain Loous. By Professor P. H. Schoute, 
University of Oroningea, Holland. 

(Bead Gth December 1892.) 

1. If the two ends of a etrip of paper are pasted on one another 
after having twiated one of them throngh 180°, we obtain a aorface 
with oolyone side. On the last meeting of the British Association Pro- 
fessor A, Cnim Brown showed 
a model of a mathematical 
Buiface closely connected with 
it. This Burfoce, with the 
common name of "marrow- 
bone," is the locns of the line 
AB (fig. I), cutting a given 
circle C orthogonally and 
moving under the condition 
iA0D = 2iBAE. 
In the following lines I wish 
to determine the order of the locus and one of its pecnltarities in the 
more general case, when the ratio of the two angular velocities 
instead of 2 : 1 is nt : n (m and » integer and prime to one another). 
2. Let us seek the section of tiie locus by the plane a of the 
circle. This section consists of the circle counted a certain number 
of times, and of a certain number of generators. As these two 
numbers are different for m odd and for m even, these two cases are 
to be treated separately. 
First Case : m odd (surface with two sides). 
The sarface contains the different positions of the generator cor- 
responding to the values of ^ between and 2w, 

When tn^ increases by 2ir, the same point A is obtuned. This 
proves that A lies on m different generators. For the angle 
lA0D + 2ln ^^itg ^ different values between and 2ir. In 



Fig. 1 



other words, the circle is an j«-fold cui 
counted m-times as part of the section. 



9 of the locus, and is to be 
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lies in a. This proves that a contains 2n generatore. Fot the 
expression ^-^ — ir admits 2n different values between and 2ir. 

The section contains m-times the circle C and 2n genenttois. 
Therefore the locus ia of the order 2(m + n). 

Second Case: m even ■2m' (surface with only one side). 

The surface only contains the different positions of the generator 
corresponding to the values of <ft between and r. 

Id the same maimer is proved that the section contains m'-times 
the circle and n generators. Therefore the locus is of the order 
2m' + n or m+n. 

lu the case of the " marrow-bone " the order is 3.* 

* If ne proceml analytically, the equation of the surface is obtained by 
elimiuating p and ^ among tbe three equatious 

z-(a+yaiu#)cofl2«1 
y-(a+pBin0)ein20j-, 
t—paOB^ ) 

oTolip between 

i-((. + it»n«)cos2*) 

y -(« + :: tan*) -in 2*; (1). 

Here two pit-falU might be indicated. Firstly, if we dodnce tbe two eqna- 



tbe elimination of ip leads to an equation of tbe sixth order, containing aLw 
the result of tbe elimination of* smong 



Secondly, if we go ou more cautiously and put tan p—t, we find 

and by eliminatiou of i 

an equation of the fourth degree. Here bonrever is it evident, that the terms 
x^ auDihilate one another, and tbe rest can be divided by y, Ac 

Syntbetically the order of tbe general surface can also be found in seeking 
the section by a plane through OZ. 

VOL. XIX. 21/1/83- O 
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3. As the projections of the generators on a pass through the 
centre O of the circle, two generators can meet only in two different 
ways. If they lie in different planes through OZ, they can only 
meet in OZ ; if their projections on a coincide, they can meet else- 
where. This remark will enable us to determine the order of the 
double curve on the surface. 

The intersection of the generator ^ with the axis OZ is given by 
the relation z= -acotn^. As ^ + ^BAE + for ^^^^ ^n different 

values between and 2)r, n different values between and a-, 
the line OZ is an 2n-fold line for m odd and an »-fold line for m 
even. 

The two sets of m {m') generators passing through two dia- 
metrically opposite points of the circle procure m^ (m'*) points of the 
doable curve. As the expressions 

-(m<t,+ 2kv) and ~[mil, + v + 2hr) 

never are equal, it never happens that one of the j»^ (m'^) points 
lies on the line OZ. Therefore the locus of the m^ (m^) points is a 
double curve of the order wi* (w*'*)- 

For m odd the double curve of the surface consista of a circle 
counted ni-timea, a right line counted Sn-times, and a curve of the 
order mK Thin corresponds to a single double curve of the order 

For m even the corresponding numbers are successively - - , n , 

™', 8nd'5Ll^_t^±^. 
4 ' 2 2 

In the case of the marrow-bone is duly found the single double 
line, the line [.* 



* Tvo generators with coincident projectioiu on the plane a are r 
by the equations 

x-(a+pBin^)cos2*'l x- -(o+jeoB#)coa2iS\ 
y-{a+pan<p)aDi^\ , y- -(o-t-jcoi^lsin 2« V 
:-pco3* J I-- jsiu* J 
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4. When the two aogalar velocities aie iQcommensurable (nt and 
R iofiiiite), the surface is transcendental. 



For the commo 


n potot we find 




P'^4>*q' 




psinfls+j. 


.nd tbetefore 





x—a, y— a tan 2^, :— atonS^. 

This proves that the locus oF thU point ia the line ^'^ i. Really the eqaft- 

tion (i'+y'Xtf-r)'— (ay-xi)' ihowsthst this line is > double lina of the 

Kow the auiface csd easily be constructed bj means of the circle and the 
doable line. To that end we ooly have to join ever; point P of the doable 
line with each of the two points common to the circle and the plane OFZ. 
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Recent Innovations in Vector Theory. By Professor 
0. O. Knott. D.Sc, F.R.S.E. 

(Bead December 19, 1892.) 

(1.) Of late jeara there lias oiiaeu a, clique of vector analysts* 
who refuse to admit the quaternion to the glorious company of 
vectors. Their high-priest is Professor WiUard Gibba. His 
reasons against the qnaternion are given with tolerable fnlness in 
Nature, April 2, 1891. His own vector analysis is presented in a 
pamphlet, " Elements of Vector Analysis, Arranged for the Use of 
Students in Physics— not Published" <18Sl-4). Mr Oliver 
Heaviside, in aseriss of papers published recently in the Electrician, 
and in an elaborate memoir in the Philosophical Transactiona 
(1892), supports some of Gibbs's contentions, and cannot say hard 
enough things about the qnatemion as a quantity which no physicist 
wants. Professor Macfarlaue of Texas Uuiversily sides with 
Heaviside in taking umbrage at a most fundamental principle of 
quaternions, and develops a pseudoH^uatemionic system of vector 
algebis non-associative in its products. 

Before proceeding to an examination of the positions taken by 
these writers, I wish to draw attention to some remarkable papers 
published between the years 1846-52, just at the time when 
Hamilton was developing the quaternion calculus. These papers 
were written by the Bev. M. O'Brien, Professor of Katnral Philo- 
sophy and Astronomy in King's College, liondon. They give a 
vector analysis independent of the coucepUon of the quaternion. It 
may be safely said that the anti-quatemionic vector analysta of to- 
day have barely advanced beyond the stage reached by O'Brien in 
his third and last paper "On Symbolic Forma derived from the 
Conception of the Translation of a directed Magnitude " {Phil. 
Trans., 1852). 

In this paper O'Brien defines two distributive products of two 

* TbU paper ■< written wholly fioni the point of view ofinattiMiiatical pliTiics, 
for which i vector algebra is generally admitted to be of iQpreme importance. 
The purely analytical aspect of quatenuoui is not contemplated. 
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vectors, which he symbolisea by the notatioua a./3 and axfi. tha 
product a X j3 he calls ths longitudinal translation of a along ^; and 
the product a.j3 the lateral tiauslation. The geometric meanings of 
these are sufficiently obvious. Thus the translation of OA or a 
along OB or j8 has, so to speak, a tongitndiaal part and a lateral 
part. The loogitudinal translation (axy3) is represented by the 
translation of OM (the teeolved part of a along p) from to B. 
It is measured by the product OM.OB or a&cosAOB, where a b 
are the lengths of the vectors a y3. Similarly, the lateral tianslation 
(o.^ is represented by the translation oE ON (the component of a 
perpendicular to ^) from to B. It is measured by the area of 
the parallelogram contained by a and j8. Of course, these are simply 
Grasemanu's "inner "and "outer" products. It must be noted, how- 
ever, that O'Briea's a.fi is not the same thing as Hamilton's Vu^. 
To represent this conception he introduces the Directrix, and usee 
for it the symbol D. Thus D (a./3) is a directed line drawn per- 
pendicular to the plane containing afi, and of a length nnmerically 
equal to the area of the parallelogram a.j3. He then uses Da, D/}, 
Dy, somewhat in the sense of Hamilton's i,j, k. In an interesting 
footnote he points out very precisely the difiereuce between hie 
system and Hamilton's, noting, for example, that the latter identifies 
a and Do, and finds in consequence that the square of any unit 
vector is equal to negative unity. He sees very clearly that nnit 
vectors must have their squares all equal, but admits that his own 
value of positive unity is only an assumption. He concludes 
with these words : " If in any way I could show that - 1 was the 
proper value for a unit of longitudinal translation, I ahould have 
oa— axa + o.o': -1." O'Brien applies his methods to general 
dynamics, and gives, besides, some applications of the linear and 
vector function in one of its standard forms, and also of the operator 
a9i + ;39j + -ySg. In one of his early papers Hamilton refers to 
O'Brien's work in terms of high pi&ise. It will be seen that 
O'Brien's methods of establishing his calculus are identical in 
principle with the long subsequent ones of Gibhs and Heaviaide. 

(2.) Professor Gibbs's position is best described in his own words 
(Nature, ytA. xliiL pp. 511-12) : — 

"The question arises, whether the quatemionic product can claim 
a prominent and fundamental place in a system of vector analysis. 
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It certainly doea not hold any auch place among the fundamental 
geometrical conceptions as the geometrical enm, the acalar product, 
or the sector piodoct. The geometrical sum a + ^ repreBente the 
third Bide of a triangle aa determined by the sides a and /3. Va^ 
represents in magnitude the area of the parallelogram determined by 
the Bides a and y3, and in direction the normal to the plane of the 
parallelogram. SyYaff represents the volume of the parallelopiped 
{tic) detennined by the edges a, p, and y. These conceptions are 
the yery foundations of geometry. 

" We may arrive at the same conclusion from a somewhat narrower 
but very practical point of view. It will hardly be denied that 
sines and cosines play the leading parts in trigonometry. Now the 
notations \afi and 8a/3 represent the sins and cosine of the 
angle included between a and /3, combined in each case with certain 
other simple notions. But the sine and cosine combined with these 
auxiliaiy notions are incomparably more amenable to analytical 
transformation than the simplo sine and cosine of trigonometry, 
exactly as numerical quantities combined (as in algebra) with the 
notion of positive or negative quality are incomparably more 
amenable to analytical transformation than the simple numerical 
quantities of arithmetic. 

" I do not know of anything which can be urged in favour of the 
quateroionic product of two vectors as a fandamenial notion in vector 
analysis, which does not appear trivial ot artificial in comparison 
with the above considerations. The same is true of the quatemionic 
quotient, and of the quaternion in general." 

Now, what does the argument of the second paragraph quoted 
amount to 1 Certainly no quaternionist ever denied the importance of 
the sine and cosine in trigonometry ; and Hamilton was unquestion- 
ably the first to show forth the analytical power of the functions Sa^ 
and Vo/S. But, because these functions are so incomparably more 
amenable to analytical transformation than are their trigonometrical 
ghosts, are we to infer that they are necessarily more fundamental than 
anything elte f And why should the angle itself be so unceremoniously 
left ontT On the principle of answering a wise man according to his 
wisdom, might we not continue ; It will hardly be denied that 
angles and their functions play the leading part in trigonometry. 
Ifow, the notation a^-' represents the angle included between a and 
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P, cotnbiued with certain other simple notionB. But the angle com- 
bined with these ouiiliary notions is incomparably more amenable 
to analytical transformation than the simple angle of trigonometry, 
and ao on — proving just as much and just as little as the great 
original itself, Heaviside, evidently with the above passt^e in hia 
mind, eays that " The justification for the treatment of scalar and 
vector products as fnndamental ideas in vector algebra ia the distri- 
bative property they possess." So be it ; and is not the quaternion 
product as grandly distributive as any ! 

(3.) To appreciate the real character of the broad geometrical 
argument advanced by Gibbs, we must consider the meaning and 
purpose of a vector analysis. We are all agreed that vectors are of 
real importance in physics. Having then formed the conception of 
a vector, we have next to find what relations exist between any two 
vectors. We have to compare one with another, and this we may 
do by taking either their difference or their ratio. The geometry 
of displacements and velocities suggests the well-known addition 
theorem a + S^ fi, recognised by Qibhs as essentially fundamentaL 

But this method, about which there is no dispute, does not seem 
to me to be more fundamental geometrically than the other method 
which gives us the quaternion. When we wish to compare fully two 
lengths a and b, we do not take their difference, but divide the one by 
the other. We form the quotient ajb, and this quotient is defined 
as the factor which changes b into a. Now a vector is a directed 
length. By an obvious generalisation, therefore, we comparo two 
vectors by taking their quotient (a/^), and by defining this quotient 
aa the factor which changes the vector ^ into the vector a. This 
is the germ out of which the whole of vector analysis naturally 
grows. A more fundamental conception it is impossible to make. 
Yet Qibbs says " it certainly does not " t«ke rank as a fundamental 
conception in geometry with the conceptiona of a vector-bounded 
area and of a vector-bounded volume, whose bounding vectors may 
have an infinity of values. 

Again, a vector is an embodiment of direction; and to know 
how to change a direction is surely demanded of a vector analyst 
from the very beginning. But a change of direction is an angular 
displacement, that ia, a versor or quaternion with nnit tensor. Or, 
take the case of a body strained bomogeneoualy. The relative 
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vectot of any two of ita points ia changed into its new value by 
a process which is a combiDatioD of taming and stretching. A 
Bitnpler description cannot be imagined. It b completely symbo- 
lised by th« quaternion with its tensor and vereor factore. And 
thvi, we are taught, ia trivial and aitificial — aa trivial, say, as the 
vetsor operation which every one performs when estimating the 
time that must be allowed to catch a train. 

Professor Gibba would have as base the whole of vector analysis on 
the two geometrical ideas embodied in the formolee Vaj3 and - SyTn^S. 
But any thoughtful student, approachii^ the subject in this way, 
will almost certainly bo struck with the arbitiorineas of the defini- 
tions made at the outset There is no very apparent reason, at 
firet, why an area should be represented by a vector line drawn per- 
pendicular to it ; while the transition from SyYo^ to Sa/3 can 
hardly fail to appear somewhat mysterious. This is the method 
adopted by Clifford in his Dynamic; bat I believe this development 
to be logically faulty, and quite nnsuited to a student otherwise 
ignorant of the properties of vector products. In quaternions, how- 
over, the quotient and product of two vectors being clearly defined 
— for djS is the operator which changes 0"' into a — it soon appears 
that to every quaternion q there is a conjugate q', so that their sum 
is a scalar and their difference a vector. From that the geometrical 
meanings of Yo^ and So^ are at once obtuned, and the whole system 
is established firm and sure.* 

At a recent meeting of the Physical Society of London, Professor 
Henrici is reported to have said, " Vectors must be treated vecto- 
rially ;" and Mr Heaviside echoes the strain in § 175 of his " Electro- 
magnetic Theory," as published in the Electrician. On the same 
sapient principle, I suppose, scslars must be treated scaJarially, 
rotors rotorially, algebra algebraically, and geometry geometncally. 
That ia to say, the remark is a very loose statement of a truism, or 
it is profound nonsense. Strictly speaking, to treat vectorially is 
to treat after the manner of vectors, or to treat (k vectors do. 
Now, what does a vector do 1 Professor Gibba, the prince of vectot 
purists, says, on page 6 of his pamphlet, that " the effect of the skew 
[or vector] multiplication by a [any unit vector] upon vectors in a 
plane perpendicular to a is simply to roteto them all 90° in that 
*3«e article "QuiiteniiODa"in Chunbers'ifiic^isfepiafiii (New Edit, 1892). 
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plaoe." Hence a vector acts TeiaorutUj. To which Mr He&Tiaide, 
Iq fierce deounciatioii : " In a given equation [in quaitmUm vectoi 
■naljsia, tiut is] one rector may be a vector and another a qna- 
teniioo. Or the same rector in one and the some eqnation may be 
a vector in one place and a qnaternion (versor or tamer) in another. 
This amalgamation of the vectorial and quatemionic functions is very 
pnzding. Yon never know how things may turn ont." Puzzling t 
Then must Heaviside find his own system as puzzling as any. For, 
when ho writes the vector product v = ^ be is simply acting on j by 
1 or on i by y, and taming it through a right angle. It is impossible 
to get rid of this veraorial effect of a vector.* But, if to treat vectors 
vectorially means that we must tieat them versorially, on what 
principle of straw-dividing are we to debar their qaatemionic treat- 
ment 1 

(4.) Before passing on to consider the systems of the innovaton, I 
shall give three other short quotations from tiibbe's letter to Nature, 
■8 follows : — 

" How much more deeply rooted in the nature of things are the 
functions So/? and Ya^ than any which depend on the deSnition of 
a quaternion will appear in a strong light, if we try to extend our 
formnlie to space of four or more dimensions. . . ." 

To elucidate the " natnie of things " by an appeal to the fourth 
dimension — to solve the Irish question by a discussion of soda! life 
in UaiB — is a grand conception, worthy of the scomer of the trivial 
and artificial quaternion of three dimenuona. But is it not the 
gloiy of quaternions that it is so pre-eminently a tridimensional 
calcolna t Again, further on we read : " Vectors exist in snch a [four 
dimensional] space, and there mnst be a vector analysis for such a 
space " — trae ; and most there not be operatoiB for changing one 
vector into another, geometrically analogous to the quaternion of 
three dimensions^ Or, mote generally, must there not be in n 
dimensional space the M-in-one corresponding to the 4-in-one of 3- 
dimensional space I 

Again, we read that " nothing is more simple than the definition 
of a linear vector function, while the definition of a qoatemion 

* O'Brieu slo&a of vector snaljsts uees s noa-scslsr product of two vectors, 
which does not involve directly this veTsorial cli&netetistic ; but then he has 
to inDt>dae8 hii Directrix, «o u to gst ont into apace, aa it were. 
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is far from simple." I fancy Gibbs has in mind tbe defiaition of a 
quaternion as tbe Bum of a scalar and vector, although be nowhere 
tells us explicitly what he imagines a quaternioD fundamentally to 
be. In like fashion Heaviside writes : " The quaternion is regarded 
as a complex of scalar and vector," The pure analyst may eo regard 
it ; but to the physicist it b made up of tensor and versor. Its 
'property of being decomposable into scalar and vector parts, each 
with a geometric meaning at first sight distinct from its own funda- 
mental characteristic, is an absolutely invaluable one. The quater- 
nion comprehends within itself the conceptions of a rotation, a stretch- 
ing, a vector area, and a projection. You may extract whichever 
part or parts may serve your purpose for the moment — they are all 
there uniquely determined when the quaternion is given. Here, 
truly, is a king of quantities. " Upon earth there is not his like." 

(5.) In considering the claims of the rival systems of vectur 
analysis, we will first glance at the natations suggested. 

A good notation for a new calculus is half the battle won ; and a 
notation must, of course, be in harmony with the principles of the 
calculus. Having to his own satisfaction abolished the quaternion. 
Professor Gibbs proceeds to argue that "we obtMn the »m jjJms «ih-a 
of simplicity and convenience if we express the two functions [Va^ 
and - Sa/S} by uniting the vectors in each case with a sign sugges- 
tive of multiplication." Consequently he represents these functions 
in tbe forms a x ^ and a.j3. These are the forms used long ago by 
O'Brien, only he used them the other way about 

Now there is a serious objection at the very outset to such a form 
as a X ^ for the vector product of a and /3. There corresponds to 
it no quotient amenable to symbolic treatment. The reason, of 
course, is that a x ;8 is not a complete product It b only a par/ of 
the complete product, which Hamilton writes a^. Given the 
quaternion equation a.^=q, anyone quantity b uniquely determined 
if the other two are given. The quotient a = i///3 has an intelligible 
meaning. But it is impossible, in spite of the soggestiveness of the 
form, to throw Gibbs'a a X ^ = y into any such shape as a=y-i-yS. 
Now, in the quaternion notation, we have Vafi — y, Sap — a, where 
tbe selective symbols Y and S pick out two important parts of the 
complete quaternion product Since the essence of a selective 
symbol is tbe partialising of the conception, it is evidently out of the 
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question to write Ya = yfi''' or Sn — ojS"'. Sucli tTaasfonnationfi 
are meaningless.* The point I wiah to empbaaiBe ia that Hamilton's 
notation does not even suggest the possibility of such a transforma- 
tion. On the other hand, Gra&smaun's, O'Brien's, Qibbe's, and to a 
certain extent Heaviside's, notationB do suggest such a possibility. 
It is certainly inexpedient, to say the least, to nae a notation strongly 
resembling that for the multiplication of ordinary algebraic quantities, 
but having no corresponding process by which either factor can be 
carried over as a generalised divisor to the other side of an equation. 

Heaviside uses o^ in the sense oi-Sap, and to this notation 
exactly the same objection applies. 

It is possible that Hamilton's notation might be improved, but 
certainly not in the way advocated by Gibbs. So long as we deal with 
two vectors only, there is no doubt a slight saving in symbols by use 
of forms like afi or a.p instead of - Sa/S. But o x j8 ia no more easily 
written than ia Vafi. Hamilton's form SajSy is as easily written 
as Heaviside's aV/3y, besides being more symmetrical and expressive ; 
while a.^ X y is clearly not in the running for compactness, per- 
spicuity, or symmetry. Again, such a form as Vo/JSyS becomes 
with Gibbs axy5{y.S), while Heaviaide would probably write it 
VayS.yS. The quantity aSPyS would take the forms a{^.y x S) 
and a./3VyS. Gibbs cannot write Ya/3y, which must be put into 
the form - a(jff.y) + a x (^ x y), a hideous parody of aSfiy + VaV^y. 

The peculiar perspicuity of Hamilton's notation arises from the 
fact that the S and V are thrown out in such relief from amongst 
the Greek letters used for vectors and the small Roman letters used 
for quaternions and acalars. A glance suffices to tell whether a 
quantity is scalar or vector. We know at once what kind of 
quantity we have to deal with before we are called upon to inquire 
into its composition. Herein lies one great merit of the prefix 
method in such a calculus. Eeaviside, to a lat^e extent, destroys 
the contrast between the qoantities and the selective symbols by 
using capital letters for vectors. In print the vectors are made 
heavy, and of course stand out prominently enough. But a vector 
analysis is a thing to be used; and it is Iwpelese with pencil or pen or 
chalk on a blackboard to try to prevent confusion between A and A. 
Heaviside virtually condemns his whole system by suggesting a 
* Thus we cannot transform SinSfl— a intoSmfl — ia. 
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suffix notation for manoBcript ; the resnlt being that vectcoB utd 
ecaiaia an distingoiahable only on doee inapection. The ctHtditiau 
for a good notation are: — (1) an unmistakable difTerence between 
easily written eymbola for scalar and vector qoandties ; (2) Ute 
scalar and vector parts of prodacts and quotiente thrown oat in 
clear relief. This second is qait« as important as the first condition. 
It is evident that, so far, Hamilton'e notation easily holds its own. 

It is easy to see that Professor Gibbs is compelled, for mere ctnt- 
sistency's sake, to object to the selective principle of notation. He 
refoses to rec(^niae that the scalar and vector piodncts are parts of 
a complete product. The one ho calls the direct prodact — an 
atrocioos misnomer — and the other the t&ew prodact ; the idea 
being, I sappose, that this product exists only when the vectore are 
inclined or skew towards one another. Fiesomably the recognised 
term vector product smacked too much of HamUton and his way^ 
although there is no doabt it is infinitely more appropriate even 
from Professor Gibbs's limited point of view. 

(6.) One of the most important simplifications in qnateroicHis i< 
the identification of vectors with qnadrantol qaatemions, or of niu't 
vectors with qnadraatal versors. 

Beginning with the quaternion quotient q = aj^, we are qnickly 
led by apace considerations to study those qaatemions which rotate 
a given vector through a right angle. Now, suppose wo have two 
quadrantal quaternions / T, and that we operate oa. the vector a 
which is perpendicular to the axes of both, then it is easy to show 
that 

/a + /a -(/+/> 

gives a quadrantal qoatomion (/+/') bearing to /and F exactly 
the same relation vrhich would exist were / and T vectors. That 
U, quadrantal qnaternione are added and subtracted according to 
the recognised rules for vector addition and subtiactioo, which so 
far, be it noted, are all we know about vectors. Is there any i 
priori reasou why a vector, acting on another vector at right angles, 
should not be regarded as a versor ] If ot only is there no reason 
against such a conception, but every vector analyst, excepting, per- 
haps, O'Brien, has made, and does make, that very assumption. 
As we s^d above (§ 3), Oibba states it explicitly. That mnch 
being admitted, and the associative lavr being assumed to hold in 
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piodncta, it follows that conaietency demaods that oa or a^ ahonld 
be pat equal to negative unity. There aeems to me to be absolutely 
so way out of this conclueion in any vector analysis in which the 
product of two perpendicular unit vectors is taken to be a third 
unit vector perpendicolai to their plane, nnleas it be assumed that 
a vector operating a second time reverses its actioD, aad uadoa the 
effect of the first operation — in short, is a reciprocating v&-»or. 

Nevertheless Macfatlane, in his Principles of the Algebra of 
Phytics, insists that Hamilton had no rational ground for putting 
the square of a unit vector equal to negative unity. This vas 
exactly O'Brien's difGculty forty years ago. Heaviside takes the 
some view. Professor Gibba appears to side with them by arguing 
that - Sd/3 and not Sa/3 is the quantity we should fix our attention 
on. He^ however, does not admit into his calculus the complete pro- 
duct at all, even in the cases in which one of the parts vanishes. 
For example, with ij k, in their usual significance, he defines 

U(- -Stt) = l, »xj(-Vv)-^ 4c Ac., 
hot the product ij has no explicitly recognised place in his system. 

On the other hand, both Heaviside and Macfarlane boldly write 
ij-k, i*- +1, ikc., &C. 

Now let us take what is common to quateimons and to these 
Other vector systems, namely, the well-known set of equations cou- 
necting mutually rectangular unit vectors : — 
y-A- -ji 
jk=i.-k} 
ki^j-' ~ik 
and let us form the product of the three vectors t , i-i-j , j. 
By one nuwle of association 

i(i+.;>' = <i>+yl;-tV-i-^-+.'^--t-. 
'Bf another mode of association 

»■(• *S)i - »(•>■ +>") = '* + »>■* - -y + v"*. 

Now it is evident at a glance that these cannot be the same unless 
ff—J*^ - 1. In other words, for the associative law to hold, we 
must of necessity take the squares of ijk to be negative unity.* If 

* See also Eelluid and Tftit'a IntroduicUo* to Qnalemiiiju (chapter iii.) for 
u evoi ampler proot 
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we follow O'Brien, Heavifiide, and Macforlane, and make i^j^l^ 
equal each to + 1, we get an algebra with non-asBociative products, 
an algebra which certaioly is tuA quaternions.* Heaviside is 
apparently unaware of the non-associative beauties of his system, 
which he believes " to represent what the physicist wants;" for be says, 
much to the credit of the Philosophical Trangaetums, that his system 
is " simply the elements of Quaternions without the quaternions, with 
the notation simplified to the uttermost, and with the very incon- 
venient nw'nus sign before scalar products done away with." {Phil. 
Tram., vol. dnxiii., 1892, p. 428.) 

(7.) An important operator in quaternions is V or a^i+^^+yS^, 
where Sjd^g are space-differentiations along the mutually rectangular 
directions of the unit vectors a ^y. This operator has been called 
Nablat by Eobertson Smith, and Maxwell and Tait have adopted 

* Macfarlane folly recognises tbia, and discusses at coDsidenible leogth his 
two products of one arrangement of tliree vectors, and his five products of one 
arrsjigeraent of four vectors. If wa represent the veoton of Uie new system 
by abed . . . and the HamiltoDiau vectors by a^yJ .... we Me at once that 
ab- -K(«A)- -»>■ Hence 

{ab)c - - ymH and a(bc) --Ih*. 

and the reason why {ab)c and a(bc) have difTereut valaos is evident. Bot, by 
a rimilar procets, 

"fly- (0^)1- -e{eb) 
and-flj.-«;jSj.)- -(bc)a 

so that, in this non-associative system, each association of one arrangement is 
eqnal to a particnlar association of one other airangemenL In quatemioDB 
the different values of the product of three vectors are got by permutation and 
by penuntation only ; in this system they are got partly by diOerent asso- 
ciations, and i>artly by permntatiou. Bat each system gives precisely the 
same number of dilTerent prodnctB. 

Similarly, although there are^w different products— ((ab)c)d, (a(bo))d, 
(ttb)(cd), a((bc)d}, ft{b(cd)) — got from the one arrangfment, any one of these 
has its four equivalents wliich are particular associations of other arrange- 
ments. Thoa it may be shown that (abXcd)-((Bd)b)c-(d(ba)}c-b((dc)B) 
— b(c(4d)). We commend this jungle, which the forsaker of the Hamiltonian 
track canDot escape if he only go far enough, to the careful consideration of 
Heaviside. It is small wonder that Gntssmann (whose AvtdehnatigiUkn of 
1862 does not hint at the possibility of putting i'- - 1) never found leisuro 
to apply his own system to angles in space. He never formed the geometric 
conception of a quaternion, his vector quotients being quite other thiogs. 

t Heaviside regards this name as "ludicrously inefficient," wbaterer that 
may mean. Some name is sorely needed. To uivert Delta gives an awkward 
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tlie suggestion. Its square is minm the well-known Laplacean 
operator 

This minus sign is, of course, objected to by Heaviside and Mac- 
farlane, who get rid of it (and a good deal else beside) by their 
assumption that the square of a unit vector is plus one. 

For convenience of reference I shall give a table comparing the 
V notations of the innovators with the real quaternion qnanUtios. 
u is any scalar quantity, w any vector quantity. 

Hesmide, HacTsrUne. 



VVw SinV<u 

- V 111 - cos V u) 

- V% - Vhi 

-V(V«.) -SinV{co6y<u) 

V7VVo. SinV(SinV<i.) 

V ~'(u non-existent in any. 

and so on indefinitely. 

Macfarlane has (and Heaviside should have) a quaternion-like 
quantity Vu, which is expressible in the quaternion form - KVu. 
Again, in tbis system, there is (or should be) a quantity V(V(u) which 
is not the same as V^^u — the result, of course, of the non-associative 
property of their vector products. Its value in qnaternion sym- 
bolism is - VKVai or 7»<o-2VSV<u, which Mr M'Aulay might 
express in the form -Vai^Vi. 

Consistent (so far) in his rejection of anything that suggests a 
quaternion prodnct, Gibbs contents himself by picking out those 

word, which does not eaphooiously combine with other tsrou ; to use Delta 
is, of coQTse, oat of the <iaestioD. Ndbla is certainly eaphoniana, as any who 
have nsad it in lectnriDg can testify. Being quite innocent of any preTiona 
•dentific dgaificance, it has just the meaning that is put into it. NabU 
dccnrs only in quaternion analyali; for tho operator is not used by Qibbe in 
its foil sense, and that which Heaviside and Uncfarlane represent by v is not 
Kabla. 



milton-Tatt. 


Gibbs. 


Vtt 


y« 


Vu. 


non-existent in 


Wo. 


Vxu, 


SV«. 


- V.<u 


V^u 


- V.Vm 


V*<a 


- V.V.U 


VSVb. 


- V V.«j 


VVVa. 


V X Vxw 
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bits which are either Bcalar or vector, and defining them inde- 
pendently of one another.* Thus V.Vw is defned to h»»e the 
meaning 

and a parenthetic note is added to the effect " that no meaomg has 
been attributed to V before a vector." One would think that tie 
most natural inqniry for a vector analyst to make after be had 
formed the conception of the quantity Vt* would be — " What will 
be the effect of V on a vector?" But no, says Gibbs in effect, be 
not BO haaty, or you may get that " trivial " thing, a quaternion. So, 
in beginning the study of theae functions, be makes no lees than 
/our definitionB, the definitions, namely, of Vtt, - SVo), Win, and 
- V V — t>be meanings of all of which follow in quaternionB from 
one definition. The whole primiiple of Gibbs's and Heaviride's 
methods is, in fact, to represent more or leas concisely certain 
quantities which occur frequently in mathematical physics ; and, 
in doing so, they simply adopt from quaternions as much as they 
think the; need. Unfoitunat«ly for themaelves they take the Bhell 
and throw away the keraeL 

For even with these four definitions — and others are introduced 
later as the subject is developed — Gibbs finds his system lacking b 
flexibility and true vitality. It has no power of self-growth, but 
has to be fitted with here an arm and there a 1^ like a mechanical 
puppet. Then he has, so to speak, to lubricate its joints by ponmg 
in the definitions of four other functions, with as many new symbok. 
One of these is the Potential — the others are called the Newtonian, 
Laplaciau, and Maxwellian. They are symbolised thus — Pot, Ne», 
Lap, Max. 

The meanings of these functions will be at once evident when 
they are exhibited in quaternion form. Thus, as is well known, 






from which at once 

* The quary BoggeBts itself, could these bits Have been diseoTer«d nithont 
quatemioiu as a gnide t 
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yspot M= +4™* 
or Potw- 4a-V-'M 

Similarly, if u be a rector quantity, 

Pot« = 4jrV""'<o 
Then we have 

New 11= VPotM = 4s-V"'a 

Lap <o - V V Pot <!. = 4n-V V - ^u. 

-llMu.= SVP0tu-4TrSV-'<« 

Thna (Lap- Max) u is 4»V "'<■>, which probably Gibbe would write 
Tai u — only, alaa ! he canoot use itt 

Now, Gibba gives a good many equations — theorems, I suppose, 
they ape at being — which connect those f anctions and their various 
derivatLTes. All these equations are, in quaternions, identities, 
iDTolving the vsry simplest tranaformaticins. But there is no such 
flexibility and simplicity in Giblw's analysis. For example, he takes 
eight distinct steps to prove that 

and even thea he does not get it in this perfectly general form. He 
has to prove the special forms which Uiis identity assumes, according 

aa u is solenoidal or irrotational. He finds that " t— Pot and V x V 
are inverse operators" for solenoidal functions, and that "—Pot 

and - VV. are inverse operators " for irrotational functions — all of 
which is included in the above identity. For if w « u, + (i^j, so that 
SVii«i = and VViOj = 0, we get 

Another of the theorems given, namely, 

4t Pot u — Lap Lap w - New Max u 

* Tait provta this wcll-kuawu eqo&tioii of PoJaaon hy pnrely qnBtemiatiic 
methods. It u an intereatiiif; comnientary on the " simplicity " of tlie 
poaitive sign — the fetiah alike of Hesviside and Hacforlsne— that the qtutlcr- 
nion v' gives Ar positive on the riglit'liand aide I 

f Taking his cue from Qibba, Heaviside might possibly find Satn a less 
"lndicTonaly inefficient" name than Nsblafor the operator 7. 

vou XIX. 21/1/93. P 
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U airoplf the qoatamlon Meatity 

- 4» V -'■W-'w + 4ir V -'S V " V 
Similarl^r the equation 

In- Pot « = - Max New u 
u a travesty of 

4»rV-»M-4jrV-'V-'(t; 

and the traDsfonnation 

-vvv-'to+vsyw 

is hidden from dght in the symbolic mask 

irat ■• V X Lap u — VMaz u. 

If these and other like equations are to be of any service, what 
brain is to be expected to cany tba memory of tbem in their ^Sai- 
Lap-New-Fot forms, which vaiy according as u is solenoidal oi 
irrotational t To the morker with the quaternion V, on the other 
hand, there is absolutely no difficulty. The. functions will come in 
as they are needed, and transform into useful shapes by the simplest 
laws of their being. And all this exquisite potentiality of tnuu- 
formation Gibbs wilfully throws to the wind, becanse a qnatermm 
Is not a vector. 

There seema little doubt that, in leaving the Hamilton causeway, 
Professor Gibbs has here fallen into a veritable slough, through 
which he has himself presumably passed laboriously enough, hot 
wherein the hapless student who would follow will quickly reacb 
the depths of despondency. No finer aigoment in favour of the real 
qoatemion vector analysis can be found than in thetangle and tl^i 
jangle of Sections 91 to 101 in the "The Elements of Vector • 
Analysis." 

It is little short of marvellous that, with such an appropriste 
and expressive symbolism and calculus as Hamilton has put to our 
hand, certain writers should think that anything is gained either in 
lucidity or completeness by notations like " Curl Pot tu," " Div Pot m." 
To the uninitiated Curl and Div are aa unintelligible as YV and SV; 
while to the initiated the latter fonns are infinitely to be prefemd, 
simply because they belong to a complete and consistent system of 
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analfBiB, have exactly the propertisa that belong to other buqiUt 
operators, aad cooeaqaently are amenable to analytical tranflCorina- 
tioDS of a general kind. The operator Vi ^ith its wondrous poten- 
tiality of tranaf iinnation and of meaning, waa regarded by Hamilton 
himself aa one of his moat remarkable creations. We have as yet 
only a glimmering of its full aigoificance. As if to retard the fnllsr 
revelation, we are now asked to hack it into pieces small — into 
Curl, Div, Lap, Max, New, and Pot. 

In the table of compaiisons given above it was noted that Vu 
had no place in the vector analysis of Professor Gibbs. Later 
on, however, he introdnces a function reeembling Vu in appearance. 
He calls ib the "dyadic," which is a vector operator (see below) bat 
in this case " represents the nine differential coefBcients of the three 
components of [the vector w] with respect to x, y, and e, just as the 
vector Vu represents the three differential coefficients of the scalar 
u with respect to x, y, and z." 

That an operator can represent nine quantities jud as a vector 
represents three ia a novel mathematical truth ; but it is difficult to 
see what is gained by this dyadic definition of what ought to be a 
quaternion. On inspection we find that Oibbs's functional operator 
Vw corresponds to the quantity So-V.u with the cr left ont. In other 
words, it is what might be regarded as the operator on <r if the ex- 
pression 8 ( )V.u could be contemplated from that point of view. 
(8.) It eeems expedient to look somewhat closely into Gibbs's 
system of dyadics, which Heaviside regards with such h^h admira- 
tion. For present purposes it will be necesaair, occasionally, to use 
Gibbs's notation ; but I shall represent his quantities and operators 
also in the qoaternion symboIiBm. As usual, he starts oS with some 
four or five "definitions," which of itself suffices to show how lacking 
in the elements of self-growth his system is. 

If we form the quantity aSAp, we may consider it as an operator 
aSX. acting on p. Professor Oibba's notation for the quantity is 
- a\.p ; and then the expression aX he takes as his symbol of opera- 
tion. That is, he uses the recognised symbolism for a product to 
represent an operation which by itself has no existence, and which 
poBBesses in its distribntive quality only one of the ordinary attri- 
butes of a product. This operator he calls a dyad. The operator, 
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where each, term is a djad, is called a dyadic iTinomial, or eimpl; a 
dyadic. An; tinear and vectur fanction can be expisaaed aa a 
dyadic. 

In his letter to Nature, Professor Gibbs argues strongly in favonr of 
the dyadic aa a hmctional symbol. To Hamilton's Sir^ there corre- 
sponds tx.{aX + pii.+yv).p, in which the dyadic may be considered 
to act either on p or a. IE on a, then a.{aK■^^^l, + yv) corresponds 
to Hamilton's ^'o- where <^'is the conjugate of ^. This conjugate 
may also be written (\a.-^iiP^-vy).a. In this double representa- 
tion of the conjugate fanction, Professor Gibbs believes that bis 
notation is much more flexible in analysis than Hamilton's, and 
admits of & freer development than the notation oSX. 4- ^Sju. + y&v. 
That may, or may not, be so ; but the question is not between the 
merits of an essentially artificial natation like oA-F^/i + ti' and those 
of an expanded semi-cartesian form like oSAp+ySS/ip + ySvp. The 
question is, whether the dyadic can do what the quaternion operator 
^ cannot do. 

As an example of the artificiality of the dyadic, take the d^iU- 
tion of the direct product* of two dyads (indicated by a dot). 
Here, by definition 

{.«.{,8)-Ay.S. 

Quaternions gives at once 

There then follow the definitions of the sketo producte of ^ and p, 
thus 

^Xp-aXxp4-/3/iXp + &C 

pxtf/—pxa\ + pxfiff + &c 

These are operators or dyadics. To see what they mean, let tbem 

operate on some vector <r. Then we find 

<!> X p.<r = oSApo" + pSfia + &e. « Vpir 

p X ^.(T - VpaSXo- -f- Yfi^fur -H &C = Vp^ir. 

* Gibbs calU the qaiutity f.r (which ii simply Himilton's fr) the direet 
product of the dyadic f and the vector r. The direct product of two vectors 
isa.JJ(~ -SajS), and this Heaviside calls tbeaokr product Similarly trana- 
lating the Gibbsian dialect, he speaks of fr aa bsiag the " scalar product of 
the dyadic and the vector " — and gets a scalar product equal to a vector ! 
This "is most tolerable and not to be endured." Gibbs'a own use of i/i'mct and 
of its symbolic "dot" in tn'o quite diflerent sonsea is itself open to criticism. 
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Ths first is aimply ^ the old thing, and the second, YpifxT, is a very 
importaat quantity in the theory of the linear and vector fanctioo. 
Professor Gibbs continues ; — " It is evident that 

with other three similar equations, all of which are meant to establish 
that the associative principle holds. In quatemian notation there 
is no difficulty, the two sides of the identity in nearly every inetauce 
having exactly the same form. Thus, the two given above are 
Yptfulur and Vp<f>a, the tr being introduced to make the signifi- 
cance of the former at once apparent. The comment on the 
dyadic equation 

is that "the braces cannot be omitted without ambiguity." The 
qnateniion expression is ^Vp0<r, where there is no chance of 
ambiguity, where everything is perfectly straightforward, and 
where there is much greater compactness in form. It seems to 
me that this last equation given by Gibbs condemns his whole 
principle of notation. It shows that one grand use of connecting 
symbols is to obscure the significance of a transformation I It is 
interesting to note — as bearing upon the intelligibiHty of the nota- 
tion — that Heaviside, who dotes so on the dyadic, writes ^xpm 
the form V<^, so that he makes 

^Vpr = - V<r^ ! ! 
In the course of the development of the theory of the dyadic, 
Gibbs, with bis usual proneness to lexicon products, invents a few 
names (or new meaninge to old ones), such as Idemfactor, Eight 
Tensor, Tonic, Cyclotonic, Shearer, and so on. These are all special 
fonna of the linear and vector function ; and, excepting possibly the 
names, Professor Gibbs does not seem to have contributed anything 
of value to Hamilton's beautiful theory. In no case, so far as I have 
been able to see, do his methods compare, for conciseness and clear- 
ness, at all favourably with Hamilton's and Tait's. Take by way of 
further illustration the expression of YX'/i' in terms of VX^ where 
X' « ^ and ft'iMijtp. At the very outset of the qnateniion investi- 
gation we find 



vxy-m^'-'vv 
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irhera m represents what unit Tdnme becomes under the infloeoca 
of the lineu operator. The dyadic form of m^''' is 

which Professor Gibbs further proposes (in Nature) to BymboUse hj 
^x^ Thns, barden after burden, in the form of new notation, is 
introduced apparently for the sole porpose of exercising the facnlty 
of memoiy. Further on in the pamphlet the quantity m is intro- 
duced in the form [^], and is called the determinant of the dyadic ; 
and then we are told that the relation of the soi&cea YX'/l and 
VV " may be expressed by the equation " 

May be expressed I — as if this concise quaternion representation were 
e mere notation, overshadowed by the effulgence of the beautiful 
line-long bracket of dots and crosses given abovet 

(9.) On page 42 of Oibbs's pamphlet we have a beautifiil ezanqde of 
giving back with the left hand what has been sternly removed witli 
the right. We read : — " On this account we may regard the dyad as 
the moat general form of product of two vectors. We shall call it 
the Indeterminate product." And then he shows how to obtain a 
vector and a scalar " from a dyadic by insertion of the sign of skew 
or direct multiplication." 

This is exquisite. From the operator aX + pfi. + yv he forma — 
heedless of his high-toned scorn foi anything like a quaternion pro- 
duct — the conception of the sum of three such products, but quiets 
his conscience by calling them indeterminate/ This sum of pro- 
ducts then becomes, by simple insertion of dots and crosses, the 
vector 

and the scalar 

Language is impotent to characterise aright this remarkable feat 
of jugglery. " The quaternion product," we are told in effect, " is 
an abomination. But here is a nice thing we call the dyad, a vector 
operator of the purest blood, which (if occasion serve) may neverthe- 
less be regarded as the most general [and therefore non-vectomi] 
fonn of product of two vectors. Being called indeterminate, it ia 
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not leally of any accoont^ except in so &r as it yields two very 
uiefol quantitJoB, the one a vector and the other a scalar, ^o con- 
nection, of course, with the qoatemion." 

The quatemion, indeed, must come in, though it be bnt fitfully ; 
and Professor Oibbs is virtually obliged to introduce it in his treat- 
ment of the vergor, ivbich be regards as a special form of dyadia 
To educe its properties be nsea those quandtiee 4>k ^ formed by a 
scvcalled indeterminate process from the operator ^ He discoverB, 
as any quatemionist could have told by intuitiou, that " - ^x ^^^ ^i 
determine the veisor withont ambiguity." Observe the negative aign 
before the vector ; and note the obatinacy of the writer in refusing 
to rect^ise explicitly the essentially quatemion chamcter of the 

The expression 

{2;8j8-I}-{2aa-I} 

lepnaenta in Gibbs's notation " a veisoi of which the axis is pcrpen- 
dicnlar to a and j% and the amount of rotation twice that which wonid 
cany a to j3. It is evident that any vereor may be thus expressed, 
and that either a or j3 may be ^ven any direction perpendicular to 
die axis of rotation." Here we have the qnat«niion idea (in one 
simple instance of it) expressed as clearly as language can express it. 
The formula just given (in which " I " represents an idemfactor, — that 
is, unity) transforms at once iuto the quatemion form j8a ( ) aj9, or 
more simply q( ) q'^, where q is the quaternion that turns any 
vector (a) perpendicular to its axis through a definite angle. In 
thia incomparable form we find for successive rotations the equation 
rg( )3-'r-'-rg( ){ry)-> 
Takipg fliS2 = Vy, fl^=Vr, 

we have 

^ Y(rg) V.YrVg+YrSg + YgSr 
'"SM" SVj-Vs-HSrS? 



I -f- Stf/i 

a perfectly general formula which Gibbs takes half a pa^e to 
demonstrate, and even then his demonstration applies to versors 
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Ab bearing npon this subject let us inquire how Professor Gibbs 
would write the quaternion equation 

where a may be any constant vector, and where the object ii to 
find q and 6. This ia one of the latest forms in which Professor 
Tait has expressed the historic problem of finding series of ortht^onal 
isothermal surfaces. To represent it in Qibba's notation we must 
first take the scalar and vector parts separately, for y has no place 
in his systeoL Then to express q{ )q~^ we mnit take some two 
vectors 8, <, in terms of which the djadics are to be expressed. One 
of these may be uny vector in the plane perpendicular to the axis of 
q ; so that in so expressing the versor we are really giving more 
than ought to be required. We then find for the compact and 
most expressive equation just given the following two 

V.{SS-I}.f«-I}.oa.6=0 

V x{SS-I}.{«-I}.<«x.«-0 

in which V, and 7 x act on both 6 and «, and where a may be any 

constant vector, say one of a rectangular system. The expand^ 

quatemionic forms 

SV.S£(aSa«H = 
VV.S<a8ae).S-0 

are even more compact than these. We willingly leave to Profecsor 
Gibbs himself the task of translating the expression 

where the suffix means that the second V is to act only on the q 
which immediately follows it 

It has been already noted that Professor Qihbe refuses* to hive 
anything to do with tbe quantity Tu where m is any vector. He 
uses the expression in the sense of a dyadic, that is, as an operator. 
Thus 

d<A, 



J IT J / dto d<ii , , diit 



' It we eicapt one eitraordinaiy cue to be noticed below. 



l8S2-fl3.] Prof. Knott on Innovations in Vedor Theory. 233 
In qoatemiona 

Yet he rccogniees that Vui has a possible eignificauce other than on 
operator when he writea {Vu}, and {Vu)}^ bb equivalent expreasiana 
for V.<u and V x «». These sufBxea are simpl; another way of 
geleeting convenient bite of a thing complete in itself. They are 
more troablesome to write, distinctly more cumbrous in appearance, 
and less amenable to analytical transformations than axe Hamilton's 
time-honoured forma. Besides, in quaternions, the treatment is uni- 
form throughout. 

(10.) Tbeie is something almost mure in the way in which 
Heaviside, in § 192 of " Electromagnetic Theory " {The Eleetridan, 
November 18, 1892), introduces the dyadic as if nothing like it was 
to be found in either Hamilton or Tait The truth is, it is all 
there. The "dyadic" of Heaviside's equations (137) and (138) is 
stated to be " of a very peculiar kind, inasmuch as its resultant effect 
on any vector is to reproduce that vector." It is what Qibba calls an 
idemfador. But it amoanta to nothing more than equating a 
vector to the sum of its components along three given directions. 
The equations are simply Hamilton's ancient 

pSajSy - aB^yp + jflSyap + ySaft 
expressed in the abridged form 

p - aSa,p + )3S^lP + ySy^ 
This is an ^most fundamental formula, and yet it is characterised 
as being " very peculiar," As Hamilton showed long ago, if 

0p ■= aSAp + /3S/tp + ySiip 
then 

^-'p = AjSciiP + /iiSj9,p + CiSyiP, 
where OiSa^y = V;3y, &c., &c., 

and A^S Vv = V/i*-, &c., &c., 

and then that "very peculiar" dyadic is seen tobe^^'^^l. Now 
Heaviside fusses greatly over this method of inverting ^ ; and any 
reader of g 172 would infer that the inventor of the name dyadic 
was the first to give this demonstration which Hamilton and Tait 
had somehow ndssed in their devebpmeut of "the very clumsy 
way " of expressing ^~'p in terms of p, ^, and ^p. But the whole 
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Uung ia given in Hamilton's Elements (p. 438, Equation XXVIL), 
and in Tait'a Quatentityna (p. 89, 2ttd edition ; p. 123, 3rd edition). 
Of courae, this particalajf way of inverting ^ depends on tlie parti- 
coliir semi-cartesian form into vhicli it is thrown. The rare beanty 
of Hamilton's method, however, lies in its generalitf. For this iSi 
Heaviside has apparently only scoffings. 

In § 171 of the same series of articles, Heaviside critiuees some of 
Professor Tait's methods of developing the quaternion calcolns. 
His criticisms are equally valid against Hamilton's own methods. 
Braiding these ha eaya : — 

" The reader is led to think that the object of the inveetigation is 
to invert a linear operator — that is given [/>><> ^] to find[(r— ^~'f>}- 
Bat if this were all it would be a remarkable example of how not 
to do it. For the inversion of a linear operator can be easily effected 
by other far simpler and more natural means. The mere inversion 
is nothing. It is the cubic equation itself that is the real goaL 
The process of reaching it is simplified by the omisaiou of inveiM 
operations." 

But what says Tait in g 174 of the 3id edition ^ 162 of the 2nd) >— 
" It is evident from these examples that for special caaee we csn 
nsuaUy find modes of solntion of the linear and vector equation 
which are simpler in application than the general process of § 160. 
The real value of that process, however, consiate partly in its 
enabling ns to express inverse functions of ^ such as (^ -ff)'' for 
iuetance, in terms of direct operations, a property whidh will be of 
use to us later ; partly in its leading us to the fundamental cubic 

whose interpretation is of the utmost importance with 

reference to the axes of surfaces of the second order, principal axes 
of inertia, the analysis of strains in a distorted solid, and varioiu 
similar enquiries." 

Could words be plainer or more emphatict The most lenient 
hypothesis is, that our self-appointed critic has not really read 
Taif B Qualemioitg. 

Then, as to the much vaunted " simplified " process of reaching 
the cubic, what doee it amount tol It consists in the highly 
original trick of writing 

niViai — ^' V^/i^ 
instead of m^'-'V/ic-V^^i^ ! 

,.,7,.i-,.GoogIc 
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(1 1.) Tbroaghout his pompblet, for reasons given in his letter to 
Nature, Oibba lefasea to admit that the complete product of two 
vecton has any claim apon his attentiOQ. He, nevertheless, 
smnggles it in, a* we saw in § 9, so as to facilitate his treatment of 
the " dyadic " versor. If it is not really needed, then we most 
look npon it as a kind of catalytic agent. In general, however, the 
ezpreamon afi is taken to mean a " dyad " or operator of the form 
aS^ or j3Sa, according as the operand is affixed or prefixed. 

What, then, are we to understand by the following equations : — 

^<T» -^vVio (2) of § 164 

and 

ySpu-_^5ffX Vw (2) of §165 



■# 



VdtrV.w 



in quaternion symlwlism, where by lio- is meant vds, v being nnit 
vector drawn perpendicular to the surface element ds. Now, these 
equations are perfectly true in their ordinaiy qoatemionic interpre- 
tation ; but if we are to credit Gibbe with consiateDcy, we cannot 
believe that he meeoB ns to regard dtna, dput, atkd Vu as qnantitieB 
(i.e., quatemions). They ought to be dysds. If we take them as 
jntfactors, we simply reproduce No. 1 of the respective seta of 
equations, namely, 

//dm ''J/jdeVu sai./dfM =ffda x Vw 

But if we take them as poetfaetorg, we get for the firat case, 

Jfi&YTdi -J/JkTV.adv, 

an equation which is interpretable and true only if S Vt-0, — that 
is, for an incompressible fluid. Similarly, the second equation 
becomes 



Jl^rdp -J^k-rvV-ads, 



an equation which is interpretable and true only if Sv7t»0. But, 
since equations (3) are meant to be perfectly general, we must con- 



236 Proceedingi of Boyal Society of Ediiihurgh. [8«s«. 

elude that Gribbs, after all, does use the expressions Am, dpta, 
aad y<u in the sense of quantities. To what end, then, was his 
Nature letter written, and why does his pamphlet not contain the 
explicit definitions of the meanings of such quaternions 1 

A favourite argument used alike b; Gibba and Heaviside is, that 
even avowed quaternionists work mostly with vectors and scalers 
and rarely with qnaternions. But this surely betokens a total 
misapprehension of the whole significance of the calculos. In 
trigonometrical analysis we work mostly with sines, cosines, tangents, 
secants, and so on. But, because sin $ occurs a myriad times for 
one occurrence of itself, do we not then deal with angltt or arcs in 
trigonometry} By his notation Gibba tries — with what success we 
have seen — to sink the quaternion quite out of sight But Heavi- 
side uses Hamilton's vector notation ; and this notation emphasises 
the truth, that a quaternion is being dealt with. The selective 
symbols V and 6 are as quatemlonic as T, U and E. The equation 

is as fundamentally a qnaternioo equation as is 

And, although Gibbs gets over a good deal of ground without the 
explicit recognition of the complete product, which is the difference 
of his "skew" and "direct" products, yet even he recognises in plain 
language the versorial character of a vector, brings in the quaternion 
whose vector is the difference of a linear vector function and its 
coitjugate, and does not hesitate to use the accursed thing itself in 
certun line, surface, and volume integrals. 

The principal arguments of the present paper may be conveniently 
summarised thus : — 

(1.) The quaternion is as fundamental a geometrical conception 

as any that Frofessoi Gibbs has named. 
(2.) In every vector analysis so far developed, the versorial 
character of vectors in product combinations cannot be got 
rid of. 
(3.) This being so, it follows as a natural consequence that the 

square of a unit vector is equal to negative unity. 
(4.) The aetumption that the square of a unit vector is positive 
unity leads to an algebra whose characteristic quantities 
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are noD-asBOciative, but in no sense more general thaa 

the ooreesponding but aBBOciative quaternion quantities, 

and wboae V ia aot the real efficient NaJda of qaaterntoDB, 

(6.) The invention of new names and new notations has added 

nothing of importance to what we have already learned 

from quaternions. 

The troe entrance into vector analysis is \>y quaternion gate. 

Some there be who have climbed over definition fences, or meandered 

in along " pleasant green" lanes. But these are not the true pilgrim ; 

and their character will declare itself when a real and novel difficulty 

has to be sunnonnted. One indispensable accoutrement is the pure 

V, and that is out and out qaaternionic. 

Bat from the attacks of these innovators, Hamilton, one of the 
greatest analyste of «aj age, scarce needs defender. He is " the 
strong man fully armed." " When a stronger than h^ coming upon 
him, shall overcome him " then — but when shall that be ) There 
is, as yet, no sign of Am / 
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On some Modifloations of the Water-Bottle and Thermo- 
meter for Deep-Sea Beaearoh. fi^ J. Y. BuchanaiL 

(HesdJaniuu? 10, ISGS.) 

The instnunents exhibited were eapedally fitted for workiog with 
the " messenger," a perforated weight which is allowed to glide down 
the line ot wire at a suitable interval behind the apparatus which it is 
to act on. The apparatos immediately acted on in this case is a 
trigger, or disengaging boob, of very simple constraction, which is 
attached independently to the line above the principal apparatns. 
Separating the arrangement for freeing the apparatus (whether ther- 
mometer or water-bottle or other inBtrament) has many advantages. 
Being very light, it can be attached to the line by twine, or to the 
wire by a smalt clamp ; and the principal appantus can be attached 
in any convenient way, without it being necessary to pay minute 
attention to the knots or bitches that may be lequired. Further, in 
almost all cases, the principal apparatus and the separate trigger are 
ranch cheaper than the two combined. The separate trigger was 
exhibited attached to two forms of water-bottle for collecting water 
at intermediate depths. In one, which is a modification of a bottle 
for collecting bottom water, and is figured and described in the 
Challenger Beporlg, Narrative, voi i. p. 117, the weights, which 
are provided to fall down and rest on the india-rubber valves K and H 
in the figure, ara soapended by a. line or wire to the trigger, and 
when the messenger falls on the trigger the line is slipped and the 
weights fall on the valves, which are then fixed, and enclose the 
sample. The pressure on the valves may be equaUy well produced 
by springs. 

The other water-bottle was one of the stop-cock type, with which 
all the intermediate waters of the Challenger Expedition were col- 
lected. It is figured and described in Challenger Narrative, p. 113, 
and consists essentially of a straight tube with a stop-cock at each 
end. The stop-cocks are worked by levers, which are connected by 
a rod, so as always to be equally open or equally shut. When the 
messenger is not used, the connecting-rod carries a metal fiap, which 
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exposes its edge to the passing water dDiing descent^ but falls out 
at right angles to the axis of the inatnunent when the motion is 
reversed. The lesistauce wliich it thos offats to the passage of 
wstoT produces a dovnward pTeBsnre sufficient to shut the stop- 
cocks and enclose the sample. This atrangement acta perfectly 
well, the only objection to it bmng that it requires a certain amount 
of practice and experience. For this reason the collection of inter- 
mediate waters on board the Challenger was never delegated, bat 
was always superiutended by myself. 

Where the " mesaenger " is used, no skill and no experience are 
required. The stop-cocks are sapported by a line or wire from the 
upper end of the connecting-rod to the trigger. "When the messen- 
ger falls on the trigger, the atop-cocks close by the weight of the 
connecting-rod, and, if necessary, attached weights. When used 
without the messenger, the point which requires experience and 
practice is to regulate the stiffness of the stop-cock, so that there 
shall be no danger of ite closing by the weight of the connecting- 
rod and flap during descent, but shall certainly dose when exposed 
to the entire pressure produced by the passage of the extended flap 
through the water. When the etop-eocks are fixed open until the 
messenger strikes the trigger, no such adjustment is necessary ; and 
the connecting-rod can be made as heavy and the stop-cocks as fiee 
as may be desired, so that there may be no question about the 
stop-cocks closing immediately they are released. This arrangement 
was used on board the yacht "Princess Alice," owned and com- 
manded by H.S.H. Prince Albert of Monaco, during a.cmise in the 
Mediterranean in September 1892. 

The " messenger " is by no means a recent invention ; it has been 
naed by many early investigators, even in water of some depth. It 
was notably used by Aimi in his very lemarkable investigations in 
the Mediterranean in the years 1846-48. Its great merit ia cer- 
tainty. It is often objected that it is too wasteful of time to be 
used in any considerable depth. But this is not bo. The mesaen- 
ger, like any other body falling through water, attains a maximum 
and constant velocity before it has fallen more than a few fathoms. 
Its rate of descent can be perfectly accurately ascertained to a second 
by determining the time taken to reach the trigger at (say) 50 and 
150 fathoms. The difference between the two times gives the 
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velocity in seconds per hundred fathoms. I have made many experi- 
ments of this kind, both on sonnding line and on wire, and I have 
invariably found the greatest uniformity in the rate for the same 
" messeoger " and the same line. On board the " Frinceaa Alice " the 
messenger used was very heavy ; it consisted of a ring of lead, wdgh- 
ing rather over i kilogrammes. Its impact on the trigger, at a 
depth of 1000 metres, was felt distinctly at the surface, wiro being 
used. It was found, by experiment, to descend 



l.'iO seconds. 



1000 „ .... 752 ,, 

Average 100 ,, .... 7G „ 

This rate is very uniform, but slow. lu the " Buccaneer," where 
hemp line was used with the water-bottle, a messenger of sheet lead, 
rolled into a cylinder fitting loosely over the line, descended at tlie 
rate of 50 fathoms In 26 seconds, or 115 fathoms per minute. The 
slower rat« on the wire is due to its cutting deeply into the lead. 
Whatever the rate may be, I have always found it very constant, 
as, in fact, it ought to be ; because, after the maximum velocity has 
been reached, there is no reason why it should au&er alteration. 

The system of sounding line and weights end instruments, after 
the maximum velocity has been reached, descends at a constantly 
decreasing rate, owing to the increased resistance of the continually 
increasing length of line. When wire is used, the speed ia more 
uniform. In all cases, however, experience shows that it is possible 
to calculate to a minute or so when the instruments will reach the 
required depth, and how long the messenger will take to reach the 
same depth. With all thermometors it ia necessary to allow them 
to remain a certain time in order to take the temperature of the 
medium. In the "Princess Alice" the thermometers were allowed 
to remain 10 minutes down, and there was no difficulty in deapateh- 
ing the messenger so that it would reach the required depth about 
10 or II minutes after the thermometer. In this way we have all 
the certainty of the method without any appreciable loss of time. 

An objection is sometimes advanced that, when the line "leads" 
out at a great angle, the messenger will not run down and close 
the instruments. This, however, must be looked on as ntther an 
advantage than otherwise, because observations made under these 
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drennut&nceB Bhonld be rejected, and are therefore much better left 
onrecorded. 

A very important operation in oceaoographic research ia taking 
the temperature of the water at a aeries of depths, and collecting 
samplss of it for examination. The more easOy aod expeditiously 
this can be done, the more likely ia it to be done, and the greater 
will be th« number of samplea and temperaturea appearing in each 
aariea. With the thermometer and water-bottle, each attached iDd»- 
pendently to the line, a certain interval must necessarily be between 
them. This necessitates stopping the line when the thermometer 
comes up, reading it, hoisting the water-bottle up so as to be in 
position for tapping off the water, resetting the water-bottle^ lower- 
ing again a little, reaetting the thermometer, and then letting go. 
Recent experience has shown me that it would be a very great con- 
venieDce if an arrangement could be made so that the water-bottle 
sod thermometer came up at once and at the same level, soitabla 
for reading, tapping, resetting, and then letting go. The differential 
motion of the connecting-iod, with regard to the body of the waters 
bottle, aeemed to offer the means. The brass tube, meant to hold 
the reversing thermometer, ia pivoted at its lower end to a socket 
which alidea over the connecting-rod, and can be pinched to it by a 
screw. The cover of the brass tabe carries a groove or collar, into 
which a hrasa hook engages when the instroment is upright and the 
atop-cocks open. The hrasa hook geara into the projecting extremity 
of the upper stop^iock lever, and conaequently has a difTerentJol and 
downward motion with r^;ard to the connecting-rod when it ia 
falling and the stop-cocks are closing. This downward motion dis- 
engages it from the collar on the upper port of the thermometer 
tube, which apringa outwards and turns through 180°, and engages 
with the lower part of the connecting-rod, being now in the reversed 
position. The method of fixing the thermometer in its reversed 
position is very simple. A hook is screwed into the heel of the 
tnbe, and in the place of its rotation. When upright, this hook ia 
on the inaide, and a large brass ring which encircles the connect- 
ing-rod engages in it. When the thermometer falls outward, the 
book pulls the ring outwards, and it presently drops down over 
the thermometer, encircling both it and the connecting-rod, and 
necessarily keeping the thermometer in its place. The instm- 
VOL. XIX. 28/1/93. d 
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mentB ezltibited did not liave tlie rii^ which was fitted the next 
A&y. 

Ad arrangement was alao exhibited by which tubes, such as 
those used by Professor Fetterason in the coUectiou of samples of 
water for the determination of thdr gaseous contentn, can be 
attached to the connecting-rod, and the finely drawn cut end be 
broken off by the motion of the lever in shatting the stopcocks. 

The differential motion of the connecting-rod and the water-bottle 
(which may be replaced by another rod) affords the means of easQy 
performing a number of simple laboratory manipolationa in the 
deep sea ; for instance, collecting samples of water over mercmy. 
In water of any consideiable depth, exhausted tubes, each aa Fet- 
terssou nsed in Scandinavian waters, would be almost certun to 
collapse, if not by the preasore aloue, by the preeeure assisted by 
the momentary disturbance of atnictnial equilibrinm produced by 
the sudden breaking of the point. In order to collect water in 
glass tubes at great depths, recooise must be had to the method by 
displacement of mercury, which is easily effected by means of tin 
differential motion deep^ea frame. The parallel motioii gas bracket, 
manufactured by Uessra Milne, and much used in drawing officw, 
supplies a frame of the kind almost ready for attachment to tiie 
gline. 
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SyntbeBiB by Means of EUeotrolysis. By Professor 
Crum Brown and Dr Jamea Walker. Part VL 

(Bsad Jftnou; 10, 1S98.) 
Abitraet. 

Sgniheeis of TetramfihyUiuxinie Add. — Etliyl-potaasium dime- 
thylmalonate cannot be prepared from dimethylmalonic ether hj 
following preciself the method which sncceeded in all prerions 
caaes. When the ether is mixed, either at once or slowly, with 
the calcolated quantity of caustic potash in alcoholic solation, half 
of the ether is completely saponified, while the other half is nn- 
acted on, only an insignificant fiaction heing half-gaponified and 
converted into the ethyl-potassiom salt. A good yield of the Utter 
was, however, obtained by a modification of the process, the 
special points of which were great dilution with alcohol and low 
temperature. 

By eUctrolyais of the ethyl-potassium salt in the manner described 
in former papers, an ethereal product was obtained, of which a large 
pert boiled between 240' and 250*. This portion was mixed with 
ita own volume of faming hydrobromic acid and heated for twenty 
honts to 110°, The product was nentralised with canstic soda and 
distilled with steam, when ethyl bromide and some nndecompoeed 
ether distilled over. What remained in the distilling flask was 
then acidified and again distilled with steam. Part of the distillate 
solidified in the condenser in white crystals. What remained in 
the flask was dissolved in potash, evaporated to a small bulk, and 
decomposed with add. The acid thus obtained was filtered oS and 
pnrified by recrystallisation from alcohol. It was very slightly 
Bolable in cold, considerably more in hot water : easily soluble in 
alcohol and benzene, less so in ether. Combustion gave the follow- 
ing lesnlte : — 
0*1323 gnunme substance gave 0-2669 gramme CO, and 0-0947 
gramme H,0. 

CalcnUted for C^jfif Foond. 
C 5617 M-02 

H . 805 7-96 
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On quickly heating the acid foaed (with decompoaitios) at 1^*, 
a small quantity was converted into tlie anhydride, which, aflai 
purification hy TecryHtallisatioa from hot ligtoin, formed fiiM 
needles fusing at 147°-148°. 

The electrolytic conductivity of the acid was meoaared, with the 
leanlt E-0-0311. Betbmann obtained 0-0314 for the acid pre- 
pared by Auwera and Meyer. 

Mectrolyeieof Etkyl-^<A^MHv.m I}Uthylmalo7iaU.--~'K^y\-^'>amrm 
diethylmalonate was prepared from diethylmabnic ether exactly u 
described above for the preparation of the corresponding dimethjl 
compound, and was electrolysed in the nana! vay. The ethneil 
product gave a large fraction boiling below 230°, The raidoe 
boiling above 230* might be presumed to contain tetraethylraodnic 
ether, but no acid could be obtained from it by saponification. By 
distilling at reduced pressure a somewhat viscid, colouiless oil «U 
obtiuned, boiling constant at 170* under pressure of 12 mm. of 
mercury. It was perfectly neutral, insoluble in water, miscible 
with alcohol, and had a specific gravity of 1*0082 at 13**5 com- 
pared with water at 4°. Combustion gave the following results:— 

I. 0*1194 gr. gave 0-2846 gr. COj and 0*1076 gr. HjO 
IL 0*2193 „ 0-5230 „ 0*1966 „ 

Calculated for Found. 

C„H^«. I, II. 

C . . .65*12 64-98 66*03 

H . . . 10-08 10*01 9*97 

The sabstance is therefore not tetraethylauccinic ether, but con- 
tains in the molecule C^H^ less than this. 

When heated with fuming hydiobromic acid it yielded ethyl 
bromide and a new neutral substance, iusoluble in water, hot 
soluble in alcohol and in beuzene. It was purified by recryatallieation 
from benzene and from ligroin. In the cold it was odourless, bat 
when warmed it had a smell exactly like that of camphor. It 
fused at 84° '5. Analysis gave the following results ; — 

L 01342 gr. gave 0-3341 gr. CO, and 0-1146 gr. HjO 
n. 01583 gr. gave 0*4180 gr. CO, and 01436 gr. H,0 
ni. 0-1528 gr. gave 03796 gr. CO, and 01307 gr. H,0 
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Calciiktedfor 




Fotui]. 




C„H„0, 


I. 


IL 


III. 


67-92 


67-90 


67-75 


67-76 


9-43 


9-49 


9-48 


9-«l 



0-642 gnmme dissolTed in 7*90 gronune alcohol taiaed tlie 
boiling point of the latter b; 0°'360, correBponding to molecalar 
weight 219. 0'640 gramme dimolTed in 18*16 grammes of glacial 
acetic add lowered the freezing point of the latter by 0-630 corre- 
qnading to molecnlar weight 214. CjjHjgOg has moleculai weight 
213. 

The subetanco obstinately resisted the action of acids and bases. 
It is obvious that it is not tetroethylsuccinic anhydride, bnt an 
isomeric snbetance, with perhaps such a formola as 

CjHj— C C— CjH, 

II II or furfuran to which the replaco- 

C^s— 0— C— 0— 0— 0— CjHj 
ment of all the hydrogen may have given extra stability. 

Dr Hugh Marshall examined the substance ciystaUographically. 
His report is given in full in the paper. 



Besides the ethers C,H^00C-R"-R"-CO0C,Hg there are produced 
by the electrolysis of the salts C,Hj;OOC-B"-CO0£! other sob- 
stancea which may be called secondary piodncts. There is always 
some oxidation, which does not, however, lead to any coiaplication, 
bnt only to lose, as the producta are practically carbonic acid and 
water. In almost all coses unsatorated ethen are formed in accord- 
ance with equations such as — 

2C,H,00C-H"-CH,-CH,-C00— C^,OOC-B"-CHCH, 

+ 0A00C-R"-CH,-GH,-C0OH + CCV 

2CtB,0OC-C{CH,)-CH,-.C,H,OOC-C(CHJ:CH,+CiH,0OC-C(CH,)-CH,' 

COO- H CODE H 

These unsaturated ethers have a much lower boQing point than the 
synthetic ethers formed at the same time, and can therefore be easily 
separated from them. They are formed in considerable quantity 
from the higher terms of the normal series, and seem to be produced 
more readily from the adds with side chains. 
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Mdhylaerylie Acid. — From tha ethereal prodnct of the eleetrolysu 
of Bthyl-potaBsium dimethylmalonate a fraction boiling between 
115° and 126° was obtained. From this, b; saponification, and 
decomposition of tlie potassium salt with acid, tlie acid was pre- 
pared. It was purified "by reciyBtallising its calcinm salt. The 
pniified acid bad, when warmed, a veTjr penetrating smell, end de- 
colorised bromine in solntion in bisalphide of carbon. When 
heated to about 130° it was suddenly transformed into a white solid 
maaa, which agreed ia all respects with the deacriptiou given by 
Fittig and Engelhom* of the polymer of methylacrylic acid. 
Dried at 130-135 it gare the foUowing resolts on combustion : 
01396 gr. gave 0-2846 gr. COj and 0-0881 gt. H^O. 
Calcnkted for (C«H,0,),l Foand. 

C . . ■ . 55-81 55-60 

H . . . 6-97 7-01 

The potasaiam in the potassium salt of the original acid was de- 



0-2896 gramme gave 0-2024 gramme K^SO^, i.e. 31-4 per cent 
potassium, as compared with 31-6 calculated for EC^H^O^ When 
cooled with ice the acid solidified, and fused again at 14*. Uetbyl- 
acrylic acid fuses at 16°. 

Elhylcrolonie Acid. — As already mentioned, a considerable port of 
the ethereal product from the electrolysis of ethyl-potaseium diethyl- 
molonate boiled at a comparatively low tampeiature. From a 
fraction boiling between 150° and 170°, ethylcrotonic acid was pre- 
pared by the method described for methylacrylic acid. The purified 
acid fused at 41°-42°. Ethylcrotonic acid fuses at 41°.t 

Combustion gave the following results: — 0'1285 gramme gave 
0-2969 gramme COj and 01027 gramme HjO. 

Calookted for Ct^ifi, Fonnd. 

C . . . 63-16 63-02 

H . . . 8-77 8-88 

The dibromide was prepared &om the acid. It fused at 80'. 
FitUg and Howe gave 80°-5 as the fusing point. J 
* Fittig and Engelhorn, Litbig'a Annakti 200, 70. 
t Rttig and Howe, Lid4g'B Annalm 200, 28. 
t Ziitiig'i AnnaUn 200, SS. 
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The qa&Dliitf of ethereal product boiling at a comparatively low 
temperature vaa maah amaller in the case of the monoalkyl malonic 
acids than with the dialkyl acida. From methjlmaloiiic acid, acrylic 
ether, and from ethylmalonic add a crotonio ether might be ex- 
pected. Small qnantitiea of ethers probably containii^ acrylic 
ether and a crotonio ether respectively were obtained, but not 
identified with certainty. In the case of the ciotonic ether it eeemed 
to be accompanied by the corresponding aaturated ether (butyric 
etiier), a circuniBtaQce not theoretically unlikely. 

Products from Sebaeic Add. — By careful working it was found 
poaaible to raise the yield of n-dicarbodecahexanic ether from 20 to 
about 40 per cent, of the theoretical. . The solid product of the 
reaction was spread on porons plates, when about two-thirds were 
abaorbed. What remained was nearly pure ?)^icarbodecahexanifi 
ether. The porous plates were broken up and extracted with ether 
in a fat-eztracting apparatus. The ethereal extract was dried and 
distilled at atmospheric presanra. The chief fractions were, one be- 
tween 240° and 270°, and one between 280° and 310°. The residue 
was mainly n-dicarbodecabexanic ether. The fraction 240°-270° 
consisted esseutially of sebaeic ether. 

The oily acid from the frectioa 240'-270° was purified as far as 

possible, but as the quantity was small the acid was not obtained 

in a perfectly pore state. Analysis indicated the formula CgHigOj. 

0-1881 gramme gave 0-47Sfi gramme COj and 0-1786 gramme H,0. 

Colcnlstfd for C,E„Or Found. 

C . 69-23 68-94 

H . . . 10-26 10-54 

The acid united slowly with bromine at ordinary temperature. 
It was obvionsly an unsaturated acid and a normal product of the 
dectrolyais. The barium was determined in its barium salt: 
0-2106 gramme of the salt dried at 130° gave 0-1085 gramme 
BaSO,. 

Calculated for Bi(C^i,0,)r Ponnd. 

Ba . . . 306 30-3 

LimiU of ApplieainlHy of the method of Medrohjtie S^nthesig of 
Dibatie Aeidg. — Experiments made with ethyl-potassium famarate, 
ethyl-potaasinm maleate, ethyl-potassium citraconate showed that the 
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method was not directly applicable to unsaturated acids of the UlXj 
series. Similarly, ethyl-potaesiam phthalate gave no ethereal pn> 
ducts on electrolysia. 

The same was the case with ethyl-potassium tartrate and with 
ethyl-pot«ssinm dibromosaccinate, which gave large qoantitiu o( 
free bromine at the anode. So far, therefore, the method seeDU 
to be lestricted to saturated fatty dibasic adds. Tba aaihan an 
not vrithout hopes of discovering means of making it applicable to 
hydroxy-acids. 

Behaviour of Oxalic .^i^.— ^Ethyl-potassinm oxalate, prepared by 
Claiflen's method,* which gave most satisfactory result*, was sub- 
mitted to electrolysis, in order to see if the general equation applies 
in this case, where B"»0. If it were so, oxalic ether would be 
formed: 

2C^sOOCCOO- - Cj,HjOOCCOOCs,HB-H2COy 

The result showed that the reaction does not take this coarse, bat 
that the anion is oxidised to carbonic acid, water and ethylene 

As Glaisen has suggested that perhaps his method of prepaiing 
ethyl-potassium oxalate might be applicable to other dibasic acids, 
experiments were made with snccinic ether and with some of the 
alkylmalonic ethers. The result with these ethers was that, where 
the ether was attacked at all, the dipotassium salt was formed. 

Behaviour of Camphoric Add. — Camphoric acid was found to 
behave exactly like a saturated dibasic fatly acid, ethyl-potsssiam 
camphorate giving on electrolysis large quantities of ethereal pre- 
dacts. These are now being examined. 

* BeriiJUt der iwtxKen ditmiiehen Otatiltc&c^ S4, 127. 



■ Google 



1891-02.] Prof. Knott and A. Shand <m Magnetic Straina. 249 



On the Volome Effects of Magnetisation. Bj Prof. 

Cargill O. Knott, D.Sc, and A. Shand, E»i. 

(Bead Jnly 4, ISBS.) 

{Second Note.) 

In a previous commnnication (see page 85) the remarkable changes 

of capacity of an iron tube when magnetised were described. In the 

preaentnote it u proposed to recoidafewof the more HtrilcbgresultB 

since obtained. 

The main object was to compare the volume changes in the 
interior of five tubes of Swedish iron, similar in every respect^ 
except in size of bore, and subjected to the same magnetising forces. 
The tubes were distinguished by number. They were cut from the 
same original bar, and were as nearly as may be of the same length 
and external diameter. When prepared for experiment, each tube 
was dosed at the originally open end by a screw-stopper, through 
which projected a fine capillary glass tnbe which was in connection 
with the interior volume. The volnmes and internal radii of the 
various tabes were as follows : — 

Tabe. Tolume of Bore. Badiaa of Bore, 

L 344-83 cub. cm. 160 cm. 

IL 223-40 „ 1-28 „ 

m. 127-41 „ -966 „ 

IT. 67-70 „ -70 „ 

V. 18-81 „ -35 „ 

The external diameter of each tube was 3'84 cm. 
la every case the dilatation due to magnetisation was obUined hy 
dividing the measured change of volume by the corresponding total 
volume of the bore. 

One peculiar feature which waa dwelt on in the previous note 
was the manner in which Tube L behaved aa the field was taken 
larger and larger. In very small fields there was poniive dilatation 
which, however, soon changed to negaiive, and contiiined bd till 
about field 190, when it became podtive again. This phenomenon 
of the initial positive dilatation waa found to exist in the other 
tnbee as weU. Bnt a careful study of all the circnmstances showed 
that its existence depended on the previous magnetic history of the 
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iroD. In every case, Tube V. excepted, the phenamenon did not 
declare itself when the tube was treated for the fiiet tune. TTnda 
this condition, the dilatation began negative in the lowest fields. 
It was only after the tube bad been left residually m^netiaed by 
the action of a larger field that the application of a Tei7 small field 
produced this poeitive dilatation. Hie result is, in fact, a particalar 
case of a more genet&l phenomenon. It is a case of magnetic after- 
effect. 

The phenomenon, as it ia shown with Tubes I., IX, UL, and 
IV., may be briefly described as follows : — ■ 

When a smaller field ia applied after a larger field has been 
applied and removed, the contraction of volume is kee when the 
snceeoEdvely applied fields are in the same direction than when ihey 
are in oppodte directions. When the second field is small enough 
the contractioa changes sign, becoming a poaitive dilatation when, 
and only when, this field has the fame direction as the previously 
applied stronger field. For, when the small field te applied in the 
reverse direction to the previous strong field, this change of sign 
never takes place. It is obvious, indeed, that in magnetically 
unbiassed iron the change of volume should be exactly the same in 
whatever direction the field is applied. Kow whenever, in the 
case of the tubes specified, this positive dilatation for low fields 
shovred itself, the mere reversal of field produced a native dilatv 
tion. Such a change of sign with the field demonstrated a magnetic 
bias. And even when the field was not low enough to produce this 
positive dilatation, an exactly aimilar magnetic bias was indicated 
by the difierent contraction produced when the field was simply 
reversed. To get rid of this bias, due to the aftereffect of a 
previously applied stronger field, it was sufficient to anl^ect the iron 
to a succession of gradually diminishing fields, alt«natiDg in direo- 
tion. This method of netUraiising* by reversals left the iron in an 
approximately unbiassed condition, and quite destroyed the tendency 
to positive dilatation in low fields. 

With Tube V., however, poeitive dilatation always showed itself 
in certain low fields. That this was not due to magnetic bias, was 
proved by the fact that the reversal of the field foiled to change the 
sign of the dilatation, 

* " Demagneti^g " b; revaitals, it u omudly but nnfortonately oallad. 
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Id ttD thfi tabofl, and especially in Tube V. of narrowecrt bore, 
another intereeting illuatntion of after-effect vob observed. After 
B given Geld bad been applied and lemoved Beveral times in sncces- 
■ion, the meniscns in the capillary tube, which by ita motion 
measured the change of Tolome, fiiet moved slightly backward, and 
then turned and completed its total forward motion. On the first 
application of the same field in the reverse direction this backward 
'•flash" was not observed. But if we continued to remove and 
apply tbe Geld in its new direction, this initial spring-back unmis- 
takably declared itself at each application of field. Tbe pheno- 
menon is, in fact, essentially tlie same as that already described, and 
depends upon the current and ita aeeooiated lield not attaining their 
maximum values at once. With the poweif nl electro-magnet, which 
of necessify formed part of tiie circuit, the current, and therefore 
the field, rose in value sufficiently slowly to permit of the small 
initial values having their peculiar effect upon tbe biassed iron. 

Id the final series of experiments on all the tnbes, magnetic bias 
was removed ae far as possihle, and every field was applied in both 
directions. The very close agreement between tha dilatations produced 
by a given field, taken first in one and then in tbe other direction, 
was a anfficiont demonstration of the absence of any strong bias. 

The broad results are embodied in the following table, which 
gives the dilatations in all the tnbes for certain definite fields. 
Any one column, excepting tbe firet, relates to one tube. Each 
row givee the dilatations due to one particular field, whose value is 
eDtei«d to the left in tbe first column : — 







10^ 


















I. 


II. 


111. 


IV. 


V. 














GO 


-3-0 


-IB 


- 2 


- : 


+ 1-8 


100 


-8 


-e-6 
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-11 


-U 


-31 


-34 


700 


-1-8-2 


-3 


-16-8 


-40-G 


-61-6 


1000 


-I-3-8 


-8-3 


-17-8 


-« 


-$4 


1*00 


-.-3-8 


-3 


-20 


-68 


-129 



The full sigulGcance of these numbers cannot be judged of till we 
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have ffleasnied the linear dilatationa of the tabes when subjected to 
the same magnetising forces. Theie are, however, certain vaj 
interesting conclusions which may at once be drawn. 

1. Foaitive dilatations in higher fields are shown only in the 

tube of widest bore {Tube L) ; and poaitive dilatations is 
low fielde occur only in the tube of narrowest bore 
{Tube v.). 

2. A maximum negative dilatation is fonnd only in the first 

three tubes, and the field in which the mazimam occnis 
is higher for the natrower bore or thicker wall. The 
graphs for Tnbas IV. and Y., however, show an undula- 
tion suggestive of a maximum. 

3. By running the eye along the successive rows, or better, by 

study of the graphs, we have evidence of the gradual 
penetration of the magnetisation in tbroagh the walls, 
which become thicker in the order I., II., III., IT., V. 

4. The large values of the dilatations in the tubes of narrowest 

bore are particularly worihy of note. In Tubes IV. and 
Y, there is no evidence of a limit being approached ; the 
inner sorfaces seem far from'a condition of aatniation. 

5. A comparisou of the results for Tubes L and II. anggests 

the existence of a tube of intermediate bore, which would 
show no change of internal volume in moderate and hif^ 
fields ; and this again suggesta the existence, within the 
substance of a magnetised bar, of a surface enclosing a 
volume of sero dilatation. This sur&ce, b^inning at or 
near the external surface, advances inwards towards a 
limiting position as the field is increased. 
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Note OQ the Law of TranaformatioD of Energy and its 
Applications. B7 W. Peddie, D.Sc. 

(BsadMajlS, 1992.) 

The inveedgation of the relationa which sabsiet amongst varioiiB 
physical qnaatitiei, end vhich are exemplified in the different tiana- 
fonnationa of energy, ia one of the most interesting investigations in 
the whole range oE physics. On the other hand, the mathematical 
methods which are nsually employed for this purpose are of anch a 
natnre as to be unavailable to any who are unacquainted with higher 
mathematical methods. It is one of the objects of the present note 
to point oat how these relations may he worked oat by means of the 
most elementary methods. For the notation of the calculus, though 
nsed below as a matter of convenience, is quite annecessary, since 
we might use, e.g., small and capital type of the same lettei to 
denote quantities of the same kind of different magnitudes. 

The first relations of this kind which were investigated were 
those exemplified in the tisosformation of heat into mechanical 
work. In any soch transformation, the dynamical principle of 
conservation of energy holds good ; bat it was found necessary to 
introduce another principle — the Second law of Therroodynamice — 
before the problem could be fully solved; and this principle is not 
explicitly dynamical, but is based upon an axiom in agreement with 
experience. Farther, when we pass from thermo-mechanical traus- 
fotmatiooB to transformations between two forms of energy of which 
beat is not one, no law corresponding to the Second Lew of Thermo- 
dynamics has been formulated. On the contrary, it ia generally 
stated that, in these cases, this method reduces to Uie use of the 
principle of conservation alone— a principle which is often not suffi- 
cient for the purpose. A second object of this note is to show that 
the application of the principle of conservation to a certtun cycle 
of reversible transformations directly expresses the principle of 
degradation of energy and leads to the generalised analogoe of the 
Second law. 

Let us denote the quantities which fix the physical condition of 
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the system considered by the letters a, b, c, ^c The change of 
energy in any proceaa is 

„ SE. 9E.. 3Ej 

dE^^da*^db + -^-de+ 

Sa ab oe 

or dE-Ada + Bdb + Cde+ 

where A, B, C, &&, are, in the ordinary langaage of dynamics, 
foreea of the types which cauae the changes da, db, de, Sx. Tixy 
are the quantities upon the magnitude of which the tendency to 
transference, or transformation, of enei;gy depends. [In the dyna- 
mical view, transformatioa is m«ely transference to a disnmilir 
system.] When the system returns, at the end of the process, to 
its original condition, ve get 

Ada+Bdb + Cde+ ... -0 (1) 

This equation is the expression of the principle of conservation, for 
it asserts that any amount of energy of the type (A, a), which entea 
the system, passes ont of it again either in the form (A, a) or in 
some other form into which it is changed by the mediam of the 
system, and we get finally da=0, db — 0, &c 

If now we apply the principle to a closed reversible cycle ctf 
operations, in which equilibrium is only disturbed to an infinitesimal 
extent at any stage, and in which, for example — 1st, A increases 
by dA, while a is constant; 2nd, a increases by da, while A is 
constant; 3rd, A decreases by dA, while a is constant; 4lh, a 
decreases by da, while A is constant, we get 

d.dE^dA.da + dB.db + dC.de+ . . . =0 . . (2) 

In general, if the above cycle is strictly observed with re^iard to 
the energy (A, a), it cannot be simultaneously carried out for any 
other type. But the actual cycle for any other type may be sup- 
posed to be built up of an infinite series of such cycles on an 
infinitely smaller scale, so that the final effect is the same as if the 
cycle were carried out. 

Suppose that we are dealing with two types of energy only. In 
this case (2) becomes 

dAda-dBdb^O (3) 

[Here the sign has been changed for convenience; The queation is 
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disensaed fnlly later.] It ia easy to see that equation (3) is in 
leali^ no less general than equation (2) ; for, before we conld apply 
(2) to any particular case in which (say) energy of the type (A, a) is 
transformed into other types, we should have to break np the totAl 
quantity of energy of type (A, a) into its several parts, which are 
transformed, as far as possible, into the several types ; and we 
should then have to consider each pert eepatately. That is to say, 
ve should have to resolve equation (2) into a aarias of equations of 
the fwm (3). 

We may write (3) in the form 

d&da =d.d^, 

or -^Ada—d.dfi, 

tft, ^da -d.dfi (4) 

wbere da is the amount of energy of the type (A, a) which enters 
the system in the first operation of the cycle deecribed above, and 
dp is the amount of the type (B, b) which ia developed by trans- 
formation. The equation (4) eipreases the principle of degradation, 
for it asserts that only the fraction d&/A of the whole amount of 
energy of the type (A, a) which is supplied is changed into energy 
of the type (6, 6). If oj be the whole amount of the type (A, a) 
which is supplied, while oj is the amount of that type which remains 
nntransformod, we may write (4) in the form 

A, -A, 

This equation gives a definition of A on an absolute scale {which 
includes Kelvin's definition of absolute temperature as a special 
cue), for a generalisation of CatBOt's reasoning regarding the effi- 
ciency of a reversible heat-engine shows that the working of onr 
more general reversible system is independent of the nature of the 
working-eubstance. It may be put in the form 



^(S)'0' 



wUch applies to a completed reversible cycle, and includes^ as a 
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particular case, the dbukI aaalytical expression of the Second Law 
of Thercaodynamics. It ia preferable, however, to work vith the 
equivalent equation (3), 

To find whether the positive or negative edgn must be used in that 
equation, consider A and B as external "forces." If A tends to 
cause increase (or decrease) of a while B tends to cause increase (or 
decrease) of b, the negative sign is to be used ; if otherwise, the 
positive sign must be used. Again, if we wrote (3) thus, 
dA.da±dhdB = 0, we must take the opposite sign to that which 
we take when we write the second term in the order dBdb. For 
the cycle represented hy dbdB is performed in the opposite order to 
that represented b; dRdb. 

Collecting the results we get^ when the + sign is used in (3), 

da-±Agrf5-?A(i^ (6) 

A few special examples are appended. 

L Seat and Medianiad Work. — Let 9, ^,p, v represent respec- 
tively temperature, entropy, pressure, and volume. The quantity 
d$di^ represents energy supplied to the system, while dpdv repre- 
sents work done by it. Hence 

d6di,+dpdv = 0, 

.. d8 dp dO dv dA dv dA dp ,, , „ 

cFiving T-=_^,_-_,--r=, ^^ -JL the four well- 
° * <itj d<f>' dp d^' dp d$ dv d6 

known t^ermodynamical relations. 

n. Latent Beat and Work during Eoaporation. — Let ^ be the 

amount of liquid, and let p be its density, while o- is the denuty of 

the vapour, and X is the latent heat. From dAi^+dpdp = we 

get by (6) 



=&-})- 



d$ = d/- 



-<rdl 
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Bat kcU-ecUp, 

so d9~dptP::z, 

A piT 

which gives the change of the boiling-point dependent on the 
change dp of presenre. The resnlt applies bIbo to the change in the 
nelting-point, p being the density of die solid. 

nL Beat and Electric Energy. — Let I and i represent respec- 
tively electromotive force and quantity of electricity. Then dldi 
and d6d^ both represent energy supplied to the system, bo thst 
dldi - dOdif) = 0, whence 

M^ .dl 
di ^ ~ d$ 

lefweaenta the amount of heat which must be withdrawn from the 
system (say a voltuc celt), during the passage of unit quantity of 
electricity, in order that the temperature may remun constant 
This is Helm}ioltz*s well-known expression. 

If I representa the (internal) electromotive force in a thermo- 
electric circnit we get 

dl 1 6d^ n 

de'y di ~ 

where >- is the heat absorbed at the Junction when nnit quantity of 
electricity passBS acioss it at temperature 0. 

IV. Electrical Energy and Work. — Consider a sphere of capacity 
C charged to potential V. The electrical energy is ^CV^. Hence 
dVd{CV) + dpdv = 0, and 



*-^-P=v^§ 



■inca we have to take the value of d{CV)/dv when V is constant. 
Now t) •- ^kC', whence 

Jn — TTJtr 1 



If Q be the total charge of electricity 
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Hence we get the known exprewton for p, the pressnie dne to the 
total charge Q, 

= J. 5! ^ 

where R is the resultant electric force at the surface of the sphere. 
If we suppose electric energy to be stored in the mediua, we see 
that Q78irO or R'/Sir is also the expression for the energy per unit 
of volume st the surface, 

V. Electrification and Vapour-Fresture. — Let E be the electrical 
energy contdned in a liquid sphere of radius C and density <r. We 
have 

dO°" 2 C' 

If m represents the masB of the vapour we have 

dm--ijK?odC. 



dm dfj dm )iv(j*<r 

But dv— -( l^m, p being the vapour density. Hence 

which agrees with J. J. Thomson's result. 

VI. Surface-Tgttsiim and Vapow-Preteure. — Let T and S repre- 
sent respectively the eurface-teneion and the surface of a drop of 
liquid, and let the other quantities be indicated as in the pre- 
vious case. We get dTdS - dpdv = 0. Now rfS - SirCdC - - ^ 

= 1M". Heuce ^^ = 2^-^. 

Li IT- p Cer-p 

or, summing from T = to T = T, 



P-Pt = ' 



Cr-p 



where p aud p^ represent respecUvely the equilibriam-pieeaoie ot 

,.,7,.i-,.CoogIc 
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the vaponi in contact vith a plane aurface and a spherical surface of 
ndiDs C. This iBsnlt was firat ^ven by Lord Kelrin, 

Vil. Induced Electromotive Forces. — Consider two ciicnits id 
which electric cnrreats of intensities i and j respectivelf circulate 
siroihiily. Let the coefficient of mutual induction be M, and let us 
take as «n experimental result the expression 

for the force / which tends to produce a displacement dx. If I and 
J are the electromotive forces acting in the circuits, we have 

fdx^idU16) = cni.idt 
Similarly, dJ = 5T(tM). 
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On the Fartdclee in Fogs and Clouds. By John 
Aitken, Eaq. 

(Bud FebnuT7 B, 18S3.) 

(Abttrad.) 

Cloud Partious. 

At the beginniiiK °^ ^^^ paper some obserrationa made on tlu 
water particles in clouds on the lUgi an the 2l8t of Ma; lut are 
described. Frevioiu obBervationB with the fog-particle connter 
had shown that there is a relation between the density of a dood 
and the nnmber of wat«i particles olHerved. On the occasion abon 
referred to the number waa very much greater than corresponded 
with the denuty. It is pointed oat that the number of dust pti- 
ticles in the air which become centres of condensation depeoda oa 
the rate at which the condensation is taking place, quick con- 
denaation caasing a lai^e number of particles to become acting 
slow condensation causing a small nnmber; and that after tha 
Goodenaation has ceased a process of difierentiation takes place, 
the larger particles robbing the smaller ones of their water, owiog 
to the Tapoui-piessure at the surface of drops of large cnrrature being 
less than at the surface of drops of smaller curvature. The particles 
in a cloud are by this process reduced in number, those remain- 
ing becoming larger and falling quicker, the cloud thus tending 
to became thinner by the reduction of the number of particles and 
by the falling of some of them. It is shown that the exceptioul 
t«adinga above referred to, obtained on the Kgi, were owing to the 
observations then made being taken in a new and rapidly-formed 
cloud, due to the strong wind blowing at the time causing a quick 
ascent and rapid cooling and condensation, the result being the 
formation of a large number of very small water particles. Though 
the number was very great, the particles were so small they weft 
only just yisible with great caie with the magnifying power used 
in the iuBtrument. PreTiona observations on cloud particles had 
been made in slowly-formed or in old clouds after the process of 
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differentiation had been in plaj for some time, and aftei the drops 
had been reduced in number and increaaed in size. 



Foo Particlbs. 

Fog particles, whan formed in pure air, condnct themBelves liie 
cloud particles, and they have mnch the some appearance and size 
when aeen on the micrometer of the fog-particle counter. Differen- 
tiation takes place in ^e particles of fogs also, and after the 
fog has been formed some time the particles are large and fall 
rapidly. Some fogs seem to dear away in this manner by raining 
themselves oat of ezisteace. But in town fogs the conditions are 
mach more complicated, owing to the impurities in the air caused by 
the fomiatiou, during the combustion of coal and other causes, 
of a great number of nuclei which have an afBnity for water vapour. 
This affinity of the nucleus for vapour not only determines condensa- 
tion and tMckening of the atmosphere before it is saturated, but after 
condensation has taken place this affinity resists the differentiating 
proceea. The affini^ of the nncleuB for vapour resista the tendency 
which the emaUer particles have to evaporate and the differen- 
tiating procees is stopped when the particlee are reduced to a certain 
size. The number of particles in a town fog thus tends to be great, 
and to remain great, while in a country fog they tend to be few, 
and to fall There are thus per»isling fog partidet and partidet 
which tend to vanuh. The one clings the stranger to water the 
smaller it is, the other parts with it the freer the smaller it is. The 
gffini^ of the nucleus thus not only increases the density of the 
fog, but it prevents the natural decay. 

These pointe were illustrated by filling two large glass receivers 
with lur ctntoining different kinda of nuclei. One receiver was filled 
with the products of combustion from a paraffin-lamp, the other 
with the products from a gas-flame^ in which was bnrned a vary 
little enlphnr. The two receivers were connected by means of tabes, 
go as to be under the same conditions as i^ards cooling when 
the air in them was expanded. When the pressure was slowly 
lowered, the chilling produced a condensation in both receivers, but 
the one contcunlng the sulphur in the products was much the denser. 
To show that the aii in the receiver containing the lamp products 
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had plenty of nuclei to give a dense fonn of fogging, this receiver 
was disconnected .from tiie other one, and the air in it expanded i 
second time, bat the second time the expansion was made very rapidly. 
The lesult was a condensation as dense as that given b; the prodnctB 
containing the sulphur impurities. But it was only at the momeat 
of complete quick expansion that the products from the lamp 
gave as dense a fog as the other ; in a few seconds it began to dear, 
owing to differentiation setting in and rapidlv redncing the number 
of drops. The upper limit of the fog could also be seen to be 
descending, the air in the upper part of the receiver being qnite clear 
of fog, and in a few minntea all the fog had gone, having rained itself 
to the bottom of the receiver. While these changes were taking place 
in the one receiver, the fog formed in the impure air of the other 
bad cleared but little, and it showed no tendency to fall, the fog- 
ging extending to the upper part of the receiver, qoite filling it This 
fog remained thick for an hour, and could be detected bonis afle^ 
wards. The fog in this receiver illustrated the characteristics of a 
town fog, and that in the other the characteristics of a country fog. 

It is concluded that it is not so much the number as the 
composition of the particles produced by combustion which causes 
the density and persistence of town fogs. A large number of partides 
without affinity for water vapour give a dense fonn of foggiog 
only when the condensation is rapid, more rapid than it generally 
is in nature ; and even when they do form a dense condensa- 
tion it rapidly becomes clearer by difierentiation. It would thus 
appear that if we wish to reduce the density of town fogs, it is not 
ao much a question of perfection of combustion, as of changing the 
nature of the products of combustion. Perfect combustion will 
reduce the amonnt of smoke, but it wiU not reduce the densi^ of 
the fogging proper. To effect this we must change the natnre of the 
sulphur and other products, and convert them into products which 
have no af&nity for water vapour. It is hoped that some substance 
may be found which will admit of being burned along with the coal, 
or of being added to the air, which will change the water-attracting 
particles of town air into particles indifferent to vapour, ao as to 
form fog particles having a tendency to clear. 

The influence of the products of combostion of a few snbatancea 
in producing fogs is referred to. Alcohol burned at a plantinum 
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bnmer, oi in an open veosel without a wick, scarcely increaaes the 
nninber of condensing nuclei ; but if burnt>d at a wick, and the flame 
■hows the Bodinm yellow colour, the increase in nndei ia very 
great A paraffio-lamp increases the number greatly, a candle gives 
bat little incieaae, while a wax vesta or wooden match greatly 
inereaaes the number. But in all these cases the particles have but 
tittle al&uity for water vapour, and do not cause foxing unless the 
air tends to be supersaturated. The products of the combustion of 
coal from a perfectly clear fire, and from a etOve burning char and 
glowiog red to the top, both gave a large increase in the number of 
particles, and many of the particlaa had an affinity for water, canaing 
fogging in moist air without Bupersatoration ; and if a little ammonia 
was present in the air, the feeing was very dense, and in both caaee 
penittenL 

The condition of fog particles when the temperature is below the 
freezing-point is shortly referred to. The lowest temperature at 
which observations have as yet been made with the fog-particle 
coonter is 27° Fabi. after a night minimnm of 24°. In thia as well 
as ia all the other cases the particles weie unfrozen. The effect on 
certain meteorological phenomena of the particles being in a liquid 
condition at temperatures below the freeziog-point is referred to. 
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A new Solution of Sylvester's Problem of the Tliree 
Temaiy Elquatioiis. By the Hon. Lord M'Xjsren. 

(Head JsDiurj Ifl, 1SB3.) 

The Bolation ie effected by the method of Sy mmetric Fnnctiona. 
By 8 prelimmaiy tTansforination '*' the equationa of the original 
system are put into the form 

BT*-2A'YZ + CZS- 
CZ«-2B'ZX+AX» = 0J 

The system is to be again trsnsfoimed by dividing each eqnoUoa by 

BY'.wid putting f.?-i^; i=^^5 P™« 

y -Jo y vB 



^-m-'-'-" 




f-.,S +1-0 . . 


■ ■ (1) 


'-m-'*^-° 


i.e.. 


f-.^ +1-0 . . 


• • (2) 


e-^.a.«..o 




P-^*C-0- ■ 


■ ■ (5) 



The roots of (I) and (2) may be denoted reapectively by a and 

— ; 6 and -T- ■ Now, as (3) has a root of i in common with (1), 

and has also a root of I in common with (2), if we substitute 
in (3) successively the four eystems of values of £ and ^ and 
multiply together the four resulting expreasionB, one of the factots 
must eatisfy (3), and therefore their product will vanish. 
The four factors are — 

(».-..^+^). (i-..i+i), («.-.i+i), ... a-..^4 

But since the 1st and 2nd factors (when cleared of fractions) are 

* The tranarormntioii is effected by dividing the original equations reap«c- 

tively by x?i^, j/V, *V, and then potting X, Y, Z for i, — , — . Tie 

transfonnation need by Professor Tnit in his paper (which I have seen in proof) 

would equally answer the pnrpoaa of tbia eolation. 
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identical, and the 3rd and 4tli factors are also identical, we need 
only multiply together the 1st and 3rd factors, and write 

(,.-.,ai + ».)(..-,44).0 ....(.) 

On mnltiplyii^ out, dividing by a^, and arranging the terms in 
Bymmetoic f auctions, we have 

In order to express the symmetric functions in terms of the 
coefBdents of (1) and (2), we observe that 

whence, subetituting in (5), 

«»' + *,' + «;.' -«i«i«8- 4-0. (6) 

.(C^.A-i B'« „ A'B'C' ,) . 

Ub'^bu'^ca ■abc~)"" 

or 

CC'» + AA'«+BB'"-2A'B'C'-ABC-0 ... (7) 

The reason why, in this solution, the eliminant is obtained in its 
true dimension (not sqaaied}, is because in the operation (4) one of 
each of the pairs of identical factors is thrown ouL 

By mailing (1), (2), and (3) homogeneous we see that the solution 
consists in reducing the given equations to the form. 









the eliminant of which is the quadratic, 
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Meetinge of the Boyal Sooiety— Seeaon 18S1-92. 

Monday, 23rd Sfaven^er 1891. 

Oeneral Statutoiy Ifeeting. Election of Office-Bearets. P. xis. 1. 



Montlay, 1th December 1891. 
Sir Douglas Maclagan, %LD., Pteeident, in the Chair. 
I. The President gave an Opening Addreaa. P. xii. S. 
The following CommanicationB were read : — 

1. The Chemiatij of Strophanthidin, a Decompopition Product of 
Strophanthine. By Professor T. R. TaiBEB, M.D., r.B.a., and 
Lkomakd Dobbin, Ph.D. T, xxxvii. 1, 

2. On Qlissette Sorfacea. By the Hon. Lord M'Larxn. 

The following Candidates for FellowsliipB were balloted for, and 
declared dnly elected Fellows of the Society : — 

Oeoboe Robbkt Milne Mubray, Natural History 

Department, Brit. Uuseum. 
BoBiRt C. Mobsman, F.R Met. Soc, 



Monday, 31«f December 1891. 
Dr William CroJg in the Chair. 
The following Communications were read : — 
1. Obituary Notice of the late Andrew roun^ F.G.S. By the Bev. 
Dr Flint, V.P. P. lii. p. Ixiil. 

S. A Preliminary Comma nication on the Electrical Resistance of 
Various Urines. By Dr Dawbox Terhbr, F.R.O.P.E. Communi- 
cated by Dr Cbuh Brown, F.B.a P. xiz. SO. 

3. On some Eurypterid Remains from the Upper Silurian Rocks 
of the Pentland Hills. By Malcolh Lauris, KSc, F.L.S. Com- 
mnnicated by R. H. Traqdaib, M.D., F.B.S. T. mviL 161. 

4. On the Lateral Sense-Organs of Elasmobranchs. II. The Sensory 
Caoals in Saia ioCu. ^ Professor J. C. Ewabt, M.D., and J. C. 
MrrcHBLL, B.Sc., University of Edinburgh. T. zzxvii 87. 
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Monday, ith January 1892. 
Sir WUlian. Turner, M.B., Vioe-Preaident, in the Chair. 
The following Communications were read : — 

1. Note on a Theorem regarding s Series of Convergente to the Roots 
of ft number. By T. Mdib, Esq., LL-D. P. lii. 16. 

2. On the Development of the Lung-books of Scorpio, and the 
Relation of the Lung-bookH to the Oills of Aqnatic fcrinB. By 
UmiColh Laurie, B.Sc, P.L.S. Communicated by Professor Cossab 

EWART, 

3. On the Number of Boet Peirticlee in the Atmosphere of certain 
PUeeB in Great Britain and on the Continent, with remarks on the 
relation between the Amonnt of Dnst and Meteorological Phenomena. 
Part IL By John Aitken, Esq., F.B.S. T. iirvii. 17. 

4. The action of the Valves of the Mammalian HearL (With Lime- 
light ninstrationB.) By D. NoEl Patom, Esq., M.D. T. xxxviL 179. 

The following Candidate for Fellowship was balloted for, and 
declared to be a duly elected Fellow of tlie Society : — 
J. W. Ballanttmb, M.D., F.R.C.P.E. 



Monday, ISth Jaiutary 1892. 
Professor Chrystal, LL.D., Yice-President, in the Chair. 
The following Communications were read : — 

1. On Circular Magnetization accompanying Axial and Sectional 
Correnta along Iron Tubes. By Professor 0. G. Knott. T. xMvii, 7. 

2. On Tactics adopted by certain Birds when flying in the Wind. 
By R. W. Webtern, Esq. Communicated by A. B. Bbown, Esq- 
P. xix. 76. 

3. Ptomaines extracted &om Urine in certain Infections Disessei 
By Dr A. B. Qewfithb. P. xix. 97. 

4 On Impact, II. By Professor Tait. T, ixivii. 381. 
S. On the Critical Isothermal of Carbonic Acid, as given by Am^t^ 
Experiments. By Professor Tait. P. xix. 3S. 



Monday, \H February 1892. 
Bev. Professor Flint, D.D., Yice-Presiden^ in the Chair. 
The following Communications were read :— 
1. The latest Physical Geography from Greenland. By C Piaih 
Surrs, LL.D., F.RS.K, and late Astronomer- Royal for Scotland. 
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S. Oa the Elqiulibriniii aad Preuure of Arches, with a Practical 
Method of AscertBining their true shape, llluatrated by examples. 
By B. Bboqik, Eeq. 

a Note on the Isothermals of Mixtures of Oases. By Professor 
Tait. 

4. By permission of the Society, Dr Bachan commanicated to the 
Meeting Ubeervations of Temperature and Fressare in Edinburgh and 
Ben Nevis on the morning of Febmary 1st, 189S, showing a sadden 
rise of Fressnre and fall of Temperatnre. 

The follomng Candidates for Fellowshipa were balloted for, and 
declared duly elected FeUows of the Society : — 

Thokab Hbath, B.A., Assistant Astronomer, Bojrgl 

Oheerratory, Edinhuigh. 
J. H. Meihihs Beck, M.D. 

H. J. QlFFORD. 

THOiua Pabebr, Memb. Inst C.E. 
W. J. Brock, M.B., D.3c 



Monday, \bih February 1S92. 
Sir Wmiom Turner, F.R.S., Vice-Preudent, in the Chair. 
The following Commtinicutions were read : — 

1. Obituary Notice of Thomas Miller, LLD. By Dt J. S. 
Uackat. p. xix. jn L 

8. On the New Star in the Constellation Awriga. By Thi 
Abtbonombr-Roiai. por Sooixand. T. xxxviL SI. 

3. The lesser Rorqual {BaUenoptera roMtrtda) in the Scottish Seas, 
with Observations on its Stomach. By Sir Williak Tdbneb, F.R.S. 
P. xii. 36. 

4. On the Relation between Kinetic Energy and Temperature in 
Liquids. By Professor Tatt. P. xix. 32. 



Monday, 29fA February 1892. 

Sir William Turner, F.E.S., Vico-President, In the Chair. 

The following Commumcation was read :— • 

The Otanial Nerves of Man and Selachians. By Professor Ewabt, 
ILD. 
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Monda>/, 1th March 1892. 

The Eev. ProfeBsor Flint, D.D., VicB-Preaidant, in the Chair. 

A copy of the " Rudolf Yirchow Modal," presented hj the 

Committee, waa laid before the Society, and it was agreed that the 

Society express its thanks officially. 

The folloving Commnnicatioua vera read : — 

1. On the Changes in the Chemical Composition of Sea Water 
associated with Marine Blue Muds. By Dr John Hubbat and 

KOBERT IrVDTB. 

2. On the Manganese Nodules in the Marine Deposits of the Clyde 
Sea Area. By Dr John Mubraf and Bobebt Ibvinb. 

3. Note on Specimens of Chalk from Christmas Island in the Indian 
Ocean. By Dr John Mdbray. 

4. On a Crystalline Olobnlin occurring in Human Urine. By Dr 
D. Noel Paton. P. xa.. 102. 

&. Additional Note on the Isothermals of COj at volumes lees than 
the critical volume. By Professor Tatf. 

The folloving Candidates for Fellowships were balloted for, and 
declared duly elected Fellows of the Society : — 

Professor J. T. Morrison, M.A., B.Sc. 
Bev. John Kerb, M.A. 



Monday, Slri Martit 1892. 
The Hon. Lord M'Lareu in the Chur. 



The Keith prize for 1889-91 was presented to R. T. Omond, 
Esq., for his Contributions to Meteorological Science, many of 
which are contained in Vol. zxxiv. of the Society's Trangactiont. 

LoBD MliABEN, on presenting the Prize, said : — 

Mr R. T. Omond was appointed Superintendent of the Ben Nevis 
Observatory in the summer of 1883, and during these years he has 
carried on the work of the Observatory with conspicuous snccesB, 
and it is to be added that particularly during the first winter this 
was done in the face of formidable difficulties. At the same time, 
he has undertaken and completed several inquiries of great 
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importance in Meteorology, most of which have appeared in the 
Sodety'a pablicatioua. 

His first inquiry resulted in determining, by Bobinaon'a ane- 
mometer, the exact numerical value at the rate of miles per hour of 
the eetimatiooa of wind-force made by the Observatory staff. An im- 
portant paper followed on the formation of snow crystals from fog, 
which ia one of the most striking phenomena of the meteorology of 
Ben Nevis. The conditions of growth, and rate of growth, of these 
crystals were detailed, as well as their intimate bearing od the 
methods to be adopted in carrying on any satisfactory system of the 
observation of air temperatnres at High Level Observatories. 

He has calculated the mean temperature of every day of the year, 
batb for the Observatory and Fort William, and investigated their 
relations to each other, and the striking differences as regards their 
amount and the varying times of occurrence of their means, maxima, 
minima, and other noteworthy variations in the rise and fall of 
the annual curves. The question of the variation of the tempera- 
tore at different heights above the ground has also been investi- 
gated. He has paid particular attention to coronas, halos, glories, 
and the other optical phenomena exhibited in sunshine by mountain 
mists. These have been examined by a very extensive series of 
measurements and accurate records of the different arrangements of 
colours of these phenomena, which are justly regarded as an 
important, and to a larga extent novel, contribution to this branch 
of physics. 

The relative &equency of the different winds has been ascertained, 
bother with the percentage of the whole rainfall which falls with 
each wind. The relation of the results to cyclonic and non-cyclonic 
periods has been shown, from which it follows that four-fifths of the 
whole rainfall is precipitated during the passage of cyclones across 
that part of Europe. In non-cyclonic periods, almost the whole falls 
with S., N.W., and W. winds. The marked types of weather that 
accompany slnticyclones according to the direction in which they 
lie to the Observatory at the time, and the equally marked wetness 
or dryness of particular winds according as they blow out of an 
anti^clone, or inwards upon a cyclone, have been clearly worked 
oat. The diurnal variation in the direction of the summer winds 
has. also been ascertained. 

He has recently completed au exhaustive examination of the winds 
of Ben Nevis, in conjunction with Mr Rankin. In this paper it is 
shown that while the wiiids at the High Level Observatones on the 
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Contment ezUbit the closest agreement with the winda at low levels 
in the same regioDS, the winds at the top of Ben Ifens, on the 
contrary, differ widely from the mean direction of the winda near sea 
level in that part of Great Britain. As regards Ben Xeris, this 
obeerred difference is a pecoliarity of cyclonic r^ons, and thus 
marks ont the Ben Kevia winda not merely different to, bat as hung 
wholly different in kind from, Uie winda of High Level Continental 
Obaerratories. Bnt perhaps the most valuable result of the inquiry 
is the pioof gjveu that the veering of the wind at great heights, as 
required by the cnrrent tbeocy that a cyclonic etorm is a whirling 
colnmn drawing the air in spirally below and pouring it ont spirally 
above, is not confirmed by the Ben STevia Observatories — a result 
"inVing it plain that further obeervation and reaearch are needed in 
order to place this vital qnestion of atmospheric movements on a 
sonnd basis. 

The Makdougall-Brisbane Prize for 1S88-90 was presented to 
Dr LuDWio Bkokxr for hb Paper on "The Solar Spectrum at Medium 
and Low Altitndee," printed in Vol xxxvL, Part 1, of the Society's 
Tratuactioju : — 

LOSD M'Lakkn, on presenting the Prize, said : — 

I am now about to present to Dr Becker the MAkdougall-Brisbane 
Medal for hia paper on " The Solar Spectrum of Medium and Lo« 
Altitudes," and I can hardly doubt that the Society will most fully 
approve the award of the Council, when I eay that in a field of 
research which has engaged the attention of many eminent astrononun 
and pfaysicistB, the results obtained by Dr Becker represent a very 
remarkable advance on the best obaerrations hitherto published. 
Since the earliest days of Spectroscopy, men of Science have directed 
their attention to the bands produced by the absorption of the 
atmoephera The object proposed is the discrimination of the lines 
of the solar spectrum due to air and aqueous vapour from tboee 
which represent absorption by the solar atmosphere, or other extra- 
mundane causea, and the method employed is that of high and low 
sun observations, and the comparison of the spectra thna obtained. 

The possibility of accomplishing such work depends on the rapidity 
and accuracy with which the lines can be recorded while the sun is at 
a low altitude, and Dr Becker's first work was the invention of s 
recording apparatus. The idea worked out was that of the relative 
angulu motion of collimator and grating magnified by wheels and 
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Bcrawa ; and bo succesHfully was thia principle carried out, that in the 
final apparatus the angular motion registered on the recording paper 
was 16,600 as large as the motion of the grating by which successive 
lines of the spectrum were brought into view, while the computed 
probable error in the registration was only about thi«e-fourths of a 
second of arc. 

The observations were made at a station set up by Lord Crawford 
on the Barmekia Hill on his property 850 feet in height On this 
hill Dr Becker camped out during the summer months of 1 887, 1 888, 
1889. The observations include 32 sunrises, 47 sunsets, and 18,000 
observations of lines, which were made in 45 hours, and 8000 high 
son oheervationa. 

The reductions of these observations, in the opinion of competent 
judges, have been made with the care and skill which we should 
expect from so proficient on observer. The theoretical reductions 
have been made hy tables computed for the purpose, and the 
irregnlarities noted by the graphical process. In these reductions 
Rowland's standard lines wore used. 

It would be out of place on this occasion to enter into further 
detail ; but I may mention that within the region 6021^4861, 3637 
lines were recorded, whereof 928 were shown to be of telluric 
origin. 

Work of the same kind was done by Thollon at the same time 
that Dc Becker was carrying on his observations, and I nnderstand 
that his published results give only about two-thirds of the number 
of lines which Dr Becker has been able to record ; and there is every 
reason to believe that the work of both is of the highest attainable 
degree of accuracy. 

It seems unlikely that further detail can be found unless the Row- 
land grating be superseded hy more perfect apparatus, though that 
seems hardly possible. What is most to be desired is, that the 
spectra of the elements believed to exist in the sun should he exa- 
mined with the like powerful instruments and equal skill, in order 
that all the lines of the visible spectrum may eventually be referred 
to their proper constituent elements. 

The following Communications were read :^ 

1, Further Remarks on Nova Aurigx. By the AaTROMOHEB-BOTAL 
FOB Scotland. 

2. List of the PoBsil Stladiii of Fife and the Lothians. By Dr E. H. 
TB4guAiB, F.B.S. 

VOL. Ill, 21/s/M a 
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Monday, ith AprU 18S2. 
Sir Arthur Mitchell, K.C.B., Vice-President, in the Chair. 
The ChainnaD, in accordance with the Laws, announced (as 
follows), the names of proposed new Foreign and British Honorary 
Fellows, to be submitted for Ballot at the Second Ueeting in 
May ; — 
Foreign Honorary Fellows ; — 

GosTAV WiEDBUANN, Leipzig. 
William Dwioht WniiNBr, Yale College. 
£hile Ddboib-Rbtuond, Berlin. 
Abhand Hippolyte Locia Fizbau, Paris. 
British Honorary Fellows— 

■ David Gill, LL.D., F.R.S., Cape of Good Hope. 
Colonel ALEXANnEB Boss Clabks, C.B., F.R.S. 
Sir Jakes Paqbt, Bart,, LL.D. 
The Right Rev. W. SrosBS, D.D., LL.D., Lord Bishop of Oxford. 

The following Communication a were read ; — 

1. A Problem of Sylvester's in Elimination. By Thouas Mdib, 
LL.D. 

2. Note on Professor Cayley's Proof that a Triangle and its Reciprocal 
are in Perspective. By the Same. 

3. On the most recent Phases of Greek Literary Style. By Emeritos 
Profesaor Blackie. T. xxxvii. 107. 

4. A Contribution to the Anatomy of Sutroa. By F. E. Beddabd, 
M.A. T. XKivii. 195. 

The following Candidates for Fellowships were balloted for, and 
declared duly elected Fellows of the Society : — 



Monday, 2nd May 1892. 
Sii Bonglas Maclagan, M.D., President, in the Chair. 
The following Communications were read: — 
1. Note on Dr Muir's Solution of Sylvester's Elimination Problem. 
By Professor Tait. P. lix. 131. 

3. On Borolanite — an Igneous Rock intrusive in the Cambrian 
Limestone of Asaynt, Sutherlandshire, and the Torridon Sandstone 
of Ross-shire. By J. Hobke and J. J. H. Tball, F.R.S., of the 
Geological Survey. T. sxivii 163. 
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3. The Lower Carbonifeiona Volcanic Socka of East Lotkiaa 
(Qarltoii Hills). By V. H. Hatch, Ph.D., F.G.S., o[ the Geological 
Surrey. Communicated bj Sir Abchibald Qbirix. T. xxxvii. 
116. 

4. On the Olfactory Oi^^ane of Helix. By Dr A. B. Griffiths, 
F.Ca P. lit 198. 

6. On the Renal Organs of the Aateridea. By the Same. P. lii. 305. 



Monday, 16(A May 1892. 

Sir Douglae Maclagao, M.D., Presideat, in the Cluur. 

The Abtronohbk-Roital for Scotland exhibited a Stellur 
Photograph by Dr Gill of the Cape Observatory. 

The following Commanications were read : — 

1. Note on the Law oF Transformation of Eneigy and its Applica- 
tions. By W. Pbddis, D.So. P. lix. 253. 

2. Note on certain remarkable Volume effects of MagnetiialioiL By 
ProfesBor C. G. Knott, D.Sc, and A. Shand, Esq. P. ziz. 85. 

3. On the Ventilation of Schools and Public Buildings. By C. 
Hdntbr Stewart, M-R, CM., B,Sc 

4. On the Glacial Succession in Europe. By Professor J. Gxikib, 
F.E.a T. ixxvii. 127. 

The following were balloted for, and declared duly elected 
Foreign Houorary Follows : — 

Odbtav Wibdbmann, Professor of Physics in the University of 
Leipzig. 

WiLUAK DwiQHT WhitnkI, ProfesBor of Sanskrit and Com- 
parative Philology in Yale College, Uuited Stal«a. 

fiiULE DDBOia-RBTMoND, Professor of Physiology in the Uni- 
versity of Berlin. 

Abmand Hippolyte Loois Fizeau, Mem. Inat of France. 

The following were balloted for, and declared duly elected British 
Houorary Fellows : — 

David Gill, LL.D., F.R.9., Her Majesty's Astronomer at the 

Cape of Good Hope. 
Colonel ALaxANDER Hose Clarke, C.B., R.E., F.R.S. 
Sir James Paget, Bart, LL.D., D.C.L., F.R.S., Cor. Mem. InHt. 

of France. 
The Right Rev. W. Stubbs, D.D., LLD., Bishop of Oxford. 
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The following Candidates for Fellowships were balloted for, and 
declared dvXy elected Fellows of the Society : — 
Oeoroe Yodhq, Ph.D. 
Joan Siupson Foed, F.C.S. 
Hbnrt Coateb. 
W. A. Taylob, M.A. Camb. 

ARTHrR J. PRESSLAND, M.A. 

Patrick Doyle, C.E., M.R.I.A. 
M. J. B. DuNSTAH, B.A., F.C.S. 



Monday, 6tk June 1893. 
Sir William Turner, F.R.S., Vice-President, in the Chair. 
The following ConmunicBtions were read : — 

1. Obitnary Notice of David DAymaoH, Esq. By Qkoeob Barclay, 
Esq. P. xix. p. ix. 

2. On the Eliminant of the Equations of the Ellipse-Glissette. Bj 
the Hon. Lord M'Laebn. P. lix, 89. 

3. On the Composition of Pinnagkibin, a New Olobnlin. By Dr A. B. 
Gmffiths, F.CS. 

4. On the BeproducUve Oi^ans of Noclaa pronuba. By the 
Same. 

6. On the Steam-line of CO^ By Professor Tait. 

The followiag Candidates for Fellowships were balloted for, and 
declared duly elected Fellows of the Society ; — 

J. B. Thackwell, M.R, CM. 
Pbtbr Ftfe, Esq. 



Monday, 20tk June 1892. 
Sir Douglas Madagan, M.D., President, in the Chair. 
Dr Bausay Traqcair, F.R.S., exhibited Remains of Anjirn'l'; 
occurring in Volcanic Tuft from TeneriSe. 

The following Communications were read : — 

1. On the Variations in the amount of 00, in the Oround-Air 
(Orund-tvfl of Pettenkofer). From the Public Health Laboratory 
of the University of Edinburgh. By 0. Hdntir Stewart, M.B., 
C.SL 

3. On the Diurnal Osctllations of the Barometer in the Polar R^ions 
during Summer. By Albxandbb Buchah, LLD. 



■ Google 



18B1-92.] Meetings of the Society. 277 

Monday, ith July 1892. 

The Hon. Lord U'Laren in the Chair. 

The folloviog CommunicationB were read : — 

1. The Hotatoiy Movemeute of the Homan Vertebral Column. Bf 
A. W. HoQHBB, M.B., F.R.C.S. CommuniaitAd by Sir Wiujah 
ToBNEit, F.R.S. 



3. Further Note* on the Volume Effects of Magnetization. By 
Profeuor Caboill G. Enott and A. Shand, Esq. P. lix. 249. 

4. On the Blood of the InvertebiKta. By Dr A. B. QatFriTSS, F.C.S. 
P. xii. 116. 

5. On the Laws of Motion. Part IL By Professor Tait. 

The followiDg Candidate for Fellowship was balloted for, and 
declared duly elected a Fellow of the Society : — 
Francis John Martin, W.S. 



Motiday, 18tt July 1892. 
Sir Douglas Maclagan, M.D., Preaident, in the Chair. 
The Chairman made some Remarks oa the Work of the Session. 
The following Commanications were read : — 

1. Obituary Notice of Lotd President iNOtJS. By Ms%tM J. Q. 
Mackat, Esq., Advocate. P. liz. p. ziii. 

2. The Wanyoro: a Central ATrican Tribe. By Dt Fblkin. P. 
liz. 136. 

3. On the Fossa Flora of the South Wales Coal-Field. By B. 
KiDBTOS, Esq, F.Q.S. 

4. On the Lateral Sense Organs of Elasmobranchs, IIL The 
Ampnllary Canals of Baia and I^tematgus. By Professor Cosbar 
EwAKT, M.D. 

5. The Cranial Neires of the Skate. By Professor Cobsar Ewabt, 
M.D. 

6. On the Thermal Effect of Pressure on Water. By Professor Tait. 
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Donations to the Libiaiy of the Royal Society from 
1891 to 1892. 

I. Tranbactionb and Pbocxesinos of Lbahned Sociitrb, 

Academies, &c. 



UniTeraity Calendar for 1891, 
American Atmciatvm for the Advanceuunf qf Scienee. — 39Ui MtetinR 
(India]iapoli£, 1890). 40th (Wasbiugton, 1891). 

Avuterdam Kon. Akademie van Wetenschappen. VerhandeliDgeit. 

Afd. Natuurkonde. Dl. XXIX. 1892.— Afd. Letterkande. 
Dl. XX. 1891. — Verslagen en Mededeelii^en, Natnurkunde. 
3' Rka., Dl. VIIL 1891.— Lett«rkunde. 3* Bk», DL VIII. 
1691.— Jaarboek, 1691.— Poemata Latina. 
Wiekundig Q«nootechap. Nieuw Arcliief voot Wifikniide, XIX, 

XX. 1891-92. Opgaven V, »-6. 
Flora Batava. 29&-300 Afleveringen.— fVon the DvlA Gimm- 

Atutrtdia. — Australasian Association for the Advancement of Seiente. 
Iteporte, 3rd Meeting, 1691. 

BaiUvnuire — JoArw llQpkvm Vnivervily. — American Joomal of Matlie- 
tnatJca. Vols. XIII. and XIV. 1891-82,— American Chemial 
Journal. Vols. XIII., XIV, 1. 1891-92.— American Journal 
of Philology. Vol. XII. 1-3. 1892.-Studi«r from the 
Biological laboratory of the Johns Hopkins TJniTeraity. 
Vol. V. 1. 1891. 8vo.— University Studies in Historical and 
Political Science. Vols, 1891-92. — University Ciicolan. 



^owi.- Naturforachende Oesellschaf t. Verhandlimgeu. Bd. IX. 2. )e9I. 

8vo. 
Aittmii.- Magnetical and Meteorological Observatory. Obtemtirau. 

VoL XIII. 1890. — Regenwaamemingeu in Nedetlandtch Indit 

18' Jaarg. 1890. 8vo. 
Bataviaasch Qeuootechap van Eunsten en Weteuscbappen. Ve^ 

handelingen. XLY.-XLVII. 189S-9a Svo. 
T^dechrift voor Indische Taal-Land-en Volkenkunde. Deel 

XXXV., XXXVI. 1. 1891-92. 8vo. 
Notulen, Deel XXIX., XXX. 1, 2. 1891-92. 
Eon. Natuurkundig Vereeniging. Natunrkundig Tijdschrift voor 

Nederiandsch Indie. Dl. L., LI. 1891-93. Svo. 
Beschrijviug det Oadbeden, en Atlas. 1891. 
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Bff^uC— Natural History and Philosophical Society. Proceedings, 

1890-01. 
Bergen. — Museum's Aarsberetning for 1890, 1801. 8to. 
Berlin. — Konigliche Akademie der Wisaengchaften. Abliandlungen, 

1690-91.— SitxungBberichte. 1801-92. 
PhyBikalische Gesellschafl. Fortscbritte der Pbysik ini Jabre 

1885, 1886. 1" Abtheil.— AUgemeine Physik, Akustik. 2*" 

Abtbeil.— Optik, Warmelehre, Elektricitatslehre. 3' AbtheiL— 

Physik der Erde. Berlin. 8va— Terbandlungen. 1890-91, 
ZeiUchrift dei Deutschen Meteorologiachen Qesellechaft 1601- 

92. 8va 
Preussjsuhes Meteorologisches Inatitut Ei^bnisse der Meteoro- 

logischen Beobacbtungen im Jahre 1691. Heft 1. 1893. 

4to.--Abbaiidlungen. Bd. I., Nos. 4, 6. 1892. 
JfertL— Beitrage zar geologischfa Earte det SchweiE, Lief. XXI. 1891- 

9S. 4to. — From tite Cammimum FSi^rale G^ologique. 
Naturforscbende Qesellscbaft. Mittbeilungen. Nos. IS6&-7B. 

1891-92. 8vo. 
BerwiekAire. — Berwickshire Naturalists' Club. Proceedings. VoL XIII. 

1. 1890. 8vo. 
fmninjAam.—PhiloBophical Society. Proceedings, Yol. VII. 2. 1891. 

6vo. 
So^na. —Accadomia d. Scienze dell' Istitnto di Bolt^^na. 

Memorie. Ser. V., Tom. I. 1890. 
Bombay. — Magnetical and Meteorological Obaervations made at the 

Oovemment Observatory for 1890. Bombay. 4to. 

Natural History Society, Journal Vols. VII. 1-2. 1892. 

Bonn. — Verhandlungen dea Natnrhistorischen Vereines der Preusaiscben 

Rheinlande nnd Weatfalens. 1891-92. 6va 
Bordeaux. — SociiSt^ des Sciences Physiques et Naturelles, U^moires. 

3* Sir., Tome V. 1, 2, et Appendice. 1891-92. 4th S^r., Tome 

I., et ApfL 1691-92. 
Soci^U de O^Dgraphie Commerciale, Bulletin. 1891-92. 8to. 
BiMten.— Boston Society of Natural History, Proceedings. Vol. XXV. 

1-2. 1881-92. 8vo. 
American Academy of Art« and Scieacea, Proceedings. Vol. 

XXVI. 1891. 
Brtra. — See Milan. 

BritiA Amociaiion for (A« Advancemmit of ScixtKt. — Report of the Meet- 
ing at Cardiff, 1891. 
SruMfli.— Academic Boyale des Sciences, des Lettres, et des Beaux-Arts 

de Belgique, Bulletin. Tomes LXI., LXII. 1892. 8vo.— 

Annuaire. Ann^ 1892, 1893. 8vo. 
Sociftd Scientifiqne de Bnixellea, Annales. Ann^ 1800-91. 

8vo. 
BucKarett. — Academia Komana. Extrasn diu Analete, Memorii si Notite. 

Tom. XIII. 1892.— Also Documents relating to the History 

of Boumania. 1891-02. 
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Analele Itiatitatului Meteoralogic al Romaniei. Tom. V. 1889. 

(In French and Boumanian.) 
Suda-Petth — Hungarian Academy of Seimtxe. — Memoiis, 1691-98; 

Bulletins, 1891-92, and otbeT Fablicaticins of the Hungariaa 

Acsdemj, or published under its auspices. 
MathematiBche und Datorwisaenschaftlicbe Berichte aus Ungani. 

Bd. VIII., IX. 1889-91. 
Ungarische Hevne. 1891. 

ArchEBological Bulletin. Tom. XI., XII. 1691-92. 
Buenoi-AiTea. — Anales del Museo Nacional de Buenos Ay res. Tom. III., 

Entrega, 17, 18, 1892. 
CakiUia — Analic Society of Bengal. — ProoeedingB. 1891-92. 8vo. — 

Journal (Philology aad Natural History). Vols. LX., LXI. 

1891-92. 8vo. 
Indian Mutewm. — Monograph of Oriental CicadidcB, by W. L. 

Distant. Pto. IV., V., VI., VII.— 1891-92. List of Snakes. 

1891. 8vo,— List of the Betracbia 1891. 8vo, 
Boyid Botanic GonfeTW.— Annals. Vol III. Fol. 1891.— See 

also Indian Oovetiiinent. 
Califoraia. — Academy of Sciences, Proceedings. 2nd Ser. Vol. III. 

Pt. 1. 1889. 
Univemty of California. Bulletins and Biennial Bcporte. 1891- 

9S.— Reports of Agricultural College. 1890.--And Miscel- 
laneous Pamphleta. 
Lick Observatory. Reports on the Total Eclipse of the Sun of 

December 21-22, 1889, and of the Total Eclipse of the Moon, 

July 22, 1888. 
Ca7nirul9«.— Philosophical Society, Transactions. VoL XV. 2, 3. 1892. 

4to. — Proceedings. VII. Appendix, 8ro. 
Woodwardian Museum, Catalogue of Type Fossils in the 

Museum, by H. Woods, B.A. 1891. 8tu. 
Uambridgt (U.S.) — Harvard CoUege. — Museum of Comparative Zoology 

at Harvard College, Annual Reports. 1390-91, 1891-92.— 

Bulletin. Vols. XXI.-XXXIIl. 1891-92. 8vo.— Memoirs. 

Vol. XIV., No. 1. 1892. 4to.— VoU XVII., No. 2, 1892. 

4to. 
Bulletins. Vols. VI., VII. 1891-92.— Circulars. VoU. VIII. 
Astronomical Observatory, Annals. Vols. XXVL, XXX. Pt, 2. 

1891-92. 
Canada. — The Royal Society of Canada, Proceedings and Transactions. 

Vol. IX. 1891. 4to. 
Geological Survey of Canada. Micro -Palffiontolc^ of Cambro- 

Silurian Bocks. Pts. 3 and 4, 1891,— Descriptive Catalogue of 

Canadian Plants. Pt 6. Musci, by J. Macoun, 1892.- JVom 

the Government of the Dominion. 
Canadian Society of Civil Engineers, Transactions. VoL V., 

VI. 1891-92. 
C'tHjwJ. — Verein fur Noturkuiide, Bericht, 1891-92, 
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Ottanta.— Atti dell' Accademia OioenJs di Scienza NatnialL Set. 4>, 
Tom. III., IV. 1890-82. 4to. 
BolleUno Menaile. Fas. 23-29. 1891-92. 

CKaipA Hill, North Carolina JouiDal of E. Mitchell Scientific Society. 

1891-92. 
C%«mntfi.— NatunrUaenacliartliche GesellschaTt. ll" Berichte. 1887- 

89. 8vo. 
ChaiouTg. — Mjmoiies de U Soci^t^ Nationale des Sciences Natarelka et 

MatWmatiques. Tome XXVII., XXVIII. 1891-92. flvo. 
Chridiania — Den N<mke Nordhavi-Expedtiion. — Zoologi. XXI. Crinoida, 
Echiuida, ved D. C. Daniellsen. 1892. 
Fulnujhi6(-&bb>6.— Forfaandlinger. 1890. OTeraigL 1890. 
Univernty.—ATchiv for Mathematik og Natnrvidennkab. Bd. 
XI.-XV. 1886-91. Hognetisclie Beobachtoogen tind Stiind- 
liche Temperatarbeobachtungen in 18S3-83. ito. 1891. 
Njt U^azin. XXXII. 1891-92. 

Norwegische MeteorologiBche Institut Jabrboch. 1889-90. 
Cincinnati. — Cincinnati Society of Natural History, Journal. Vols. XIV., 
XV. 1, 2. 1891-92. 
Univeraity Observatory. Publications. No. 12. Catal<^e oF 
Proper Motion Stare, by G. S. Porter. 8vo. 1892. 
Colorado. — Scientific Society, Proceedings. Vol. III. 3. 1890. 
ConiMcticut. — Connecticut Academy. Transactions. VIII. 1. 1890. 
Copenhagen.— UimoiKi de I'Acaddmie Royala de Copenhague. Clawe 
des Sciences. 6" S^rie. Vol. VII. 3, 6. 1891-92. 
Oversigt over det Kongelige Duuke Videnakabemes Selkabs 

Fordhandlinger. 1891-92. 8to. 
Videnskabelige Meddeleber fm NaturbiBtorisk Forening. 1891. 
Danske Biologiake Station. Det Videnskabelige Udbytte af 
Kanonbaiden "Haucbs" Togter. Pts. 1-4. 1883-86. 4to. 
—Atlas. PlB. 1-4. Fol. 1889-90. -Beretning, L 1890.— 
Fiskerei-Beretning, 1891-92. 
Cordoba (Eepabliea JrjfoiJina).— Boletin de la Acodemia Nacional de 
Ciencias de la Republics Argentina. Tom. XI. 4. 1892. 
Besultados del Observatorio Nacional Argentine. Tumo XIII. 
Obaervaciones del ftno 1880. 4to. 
CwTiioaU. — Journal of the Royal Institution of CorawaU. Vol. XI. 

PL 1. 1892. 
Crwow.-— Bulletin International de I'Acadimie des Sciences. 1892. 
Together with the Academy's publications on Mathematics, 
Phdology, History, &c^ for 1891-92. 
Danlxic—ScbtilUn der NaturfoiBchenden Gesellschaft Bd. VIII. 1, 2. 

1891-92. 
Ztelfl.— Annates deVficolePolytechnique. Tomes VII. 2-4. 1892. 4to- 
Deniton Uaiveriity (Granmlle, OAio).— Bulletin of the Scientific 

Laboratories. Vols. V.-VI. 1892. 
i>V[>n.— M^moires de I'Acad^mie des Sciences, Arts et Belles-LettreB. 
4»™ Sirie. Tome II. 1890-91. 
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DoTfot. — Inaugural Dissertations. 1890-91. 

Meteorologische Beobtwbtangen. 1890, 1691. 8vo. 
Livlandiedie gemeinoutnge n. otionomiscbe Societat Bericbte 

der Kegeustationen fttr 1888-91. 4to. 
Duhtin. — Royal Irish Academy Proceedin^n^ Series III., Vol. II. 1-3, 

1891-92.— TtanMctions. Vola. XXIX., Nos. 17-19, XXX 1-4. 

1891-02. 
" Cunningham Memoirs." No. 7. 1898. 
Todd Lectures. Vols. III., IV. 1892. 8to. 
Itoyal Dublin Society. Scientific Proceedings. (New Series.) 

Vol VII. 3, 4. 1891-92. 
Scientific Tnnsactions. Vol. IV. 8-13. 1891-98. 4to. 
EdimhuTgh Transactions of the Royal ScottiBb Society of Arts. VoL 

XIII. 1, 8. 1892. 8to. 
Highland and Agricultural Society of Scotlanifs Transacliona. 

Sth Series. Vol. IV. 1892. 
Transactions and Proceedin^^ of the Botanical Society. VoL 

XIX. pp. 89-232. 1891-92. Svo. 
Geological Survey of Scotland. Geological Maps, One-Inch Scale. 

Sheets 16, 47, 48, 67, 67, 76, 77, 87, 94, 95, 100, 113, 114. 

Vertical Section, No. 2.~Deecriptive Catalogue. Explanation 

of Sheets 76, 87. 
Mathematical Sooie^ Proceedings. Vols. III.-VI., VIII., IX. 

1884-91. 8vo. 
Scottish Geogrophical Society, VoL VIII. 1898. 8vo. 
Transactions of the Edinburgh Geological Society. Vol VI. 3. 

18S8. 8F0. 
Journal of the Scottish Ueteorological Society for 189(K 870. 
Eojal Observatory. Edinburgh areularg. Nos. 28-37. 1892. 
Proceedings of the Boyal Physical Society, Seasiona 1890-91, 

1891-92. 8vo. 
Royal College of Physicians. Laboratory Reports. Vol. IV, 1892, 
Monthly and Quarterly Returns of the Births, DeathB, and 

Marriages leistered in Scotland. 1892. — From the Btgidrar- 

OeTieral, 
Ekath^iubourg.—'BaWeim de la Soci^t^ Ouraliennu d'Amateura des 

Sciences NaturelleH, Tome XII. 2. 1890-91. 
Erlangen University. — Inaugural Dissertations. 1B91-9S. 

Physicalisch-MedicBliBcbe Societat Sitzungsberichte. 1892. 
Euex Field ffluft.— Thi; Journal of (The Esses Naturalist). VoL VI. 

1892. 8vo. 
Eaex InelituU (U.S.).— Set Saiem. 
FratJ^uH-a-M. — Senckenbergische Naturforschende Gesellschaft. Ab- 

handlungen. fid. XVII. 1, 2. 1892. 4to.— Berichte. 1892. 

8vo. 
Eatalog der Betrachier-eammlung in Museum, 8to. 1892. 
FnuJcfurt-am-Oder. — NaturwisBenschaftlicher Verein, Societatum Lit- 

terae. 1891-98.— HeUos. Bd. IX.-X. 1891-B8. 
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OctMKi.— MJmoiTH de la Socidti de Physiqoe et d'Hietoire Naturelle. 
Vol Snppl™ Centenaire de la Fondatioa de la Soci4t4 4to. 
189). 
Genoa. — Annali del Museo Cirico di Storia Naturale. (II Marclieee Q. 
Doria, Direttore.) Vol. X.-XII. 1890-92. 

Gituen Univeraity InauguraJ DieaeitatianR. 1890-91. 

GUug^a. — Froceediogs of the Philosophical Society of Glasgow. Vols. 

.XXIL, XXIII. 1890-82.— Index. Vols. I. -XX. 870. 1891 

nntTeraitj Obserrntorj. Second Ola^cow Catalogue of S166 

Stars for the epoch 1890 deduced from obaervationa made 

doring 1686-1892. By R. Grant 1892. 4to. 

GdlUngeit. — Abhandlungcn der Konigl. Gesellschaft der Wisaenscbaften. 

Bd. XXXVII. 1891. 

Nachrichten von dei K. Oesellschaft dec Wiaseiucliaften und der 

Qeorg-Angustas-UniTeroUit, aaa dem Jahre 1891. 8vo. 
Gelehrte Anieigen. 1891-02. 
Oreo, — MitUieilungen des NatnnriBaetischafclichen Vereinei fiir St«ier- 

mark. Jahrg. 1890. 8vo. 
Ortempich Royal Obstrvatory. — Spectroscopic and Phoh^raphic Eeaulte. 
188^ 1889. 4to. 
Astronomical, Magneticol, and Meteorological Observations. 
1689. «o. 
Haarlem, — Archives N^erlaudaises des Sciences Eiactes et Naturellee, 
publi^es par la Soci^t^ Hollandaise & Harlem. Tomes XXV. &, 
XXVI. 1, 2, 3. 1891-92. 8vo. 
Hollandacbe Maatecbappij der Wetenechappen. Natanrkundige 

Verbandelingen. 3*" Vera., Deel 6, S*" Stuk. 1892. 4to. 
Oeavres Completes de Chiisttan Uuygens public par la Soci^ti 
Hollandaise des Sciences. Vol. IV. 1891.— J'mn the SociAi 
HoUandaite da Seitneei d Harlem. 
Archives du Mus*e Teyler. Serie II., Vol III. 7. 1892. 
Teyler's Tweede Geoootachap, Verbandelingen. Atlas Ned. Pen- 
ningen. Stnk 1, 2. Fol. 1892. 
Halifase (tf.8.). — Proceedings and Tranaactions of the Nova Scotian 

Institute of Science. 2nd Ser., VoL I. 1. 18S2. 8vo. 
HaJU. — Nova Acta Academiea Caeaareae Leopoldino-Carolinae Ger- 
manicae Natuiae Goriosorum. Tom. LV., LVI. 1891-92. 
Leopoldina, amtlicbea Organ der K. Leopold-Caroliniach- 
Dentechen Akademie der Naturforscher. Heft XXVI., XXVII. 
1890-91. 4to. 
Natnrfonchende Geaellachaft. Abhaadlungen. Bd. XVIII. 1. 

1892. 8vo.— Bericbte, 1888-91. 
Mittbeilungen des Vereinea fiir Erdkuade. 1892. 8va 
Hafflfrur^.— AbhandluQgen aus dem Oebiete der NattirvrissenBchaften,Tom 

Naturwissenschaftlichen Verein. Bd. XI. 2, 3. 1891. 
fiebtngfon.— ActaSocietatisScientianimFennicae. Tom. XVIII. 1899. 
Ofversigt af Finska Vetenskaps-Societetens Forhandlingai'. Bd. 
XXXIII., XXXIV. 1890-92. 8vo. 
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Bidrag til Eanaedom af Finlands Natur och Folk, a^fna 

af Fiseka Vetenskaps-Societeteu. Haft 51. 1892. 8vo. 
Acta Societatis pro Fauna et Flora Fenaioa. VI., VII. 1889-90. 

— Meddelanden. Hft. 16. 1891. 
Soci^t^ de Q^t^raphie de Fiulande: Fennia. IV,, Y. 1891-92. 
Hongkong Obtertxttery. — Observations and Researches during 1891. FoL 
Indian Government, Calentta — GeologwU Sunxy of India. — Records. 
Vols. XXIV., XXV., 1891-92, and Ind**, I.-XX.— Memoirs. 
Index, I.-XX., 189S.— Palnontologica Indica. Index to Q«neis 
and Species. 1692. 4to. 
Scientific Memoirs, bj Medical Officers of the Army of TnHift. 

Pt 7. 1892. 
The Tribes and Castes of Bengal By H. H. Rinley. Vols. I., 11. 

1891. 8to. 
Papers on Subjects relating to the Archaeology of Bunnah. By 

Dr E. Forchammer. 189S. 4ta 
Trigonometrical Survey, Vols. XI.-XIV. 4to. 
Arehaological Survcg of India. — EpigntpUa Indica. Pts. 8, 9, 10, 

11. 1891-92. 
Sonth Indian Inscriptions, TamlL Vol. II. Pt 1. 18S1. 4ta. 
Monumental Inscriptions in the North-Westetn Provinces and 
Ondh. By A. Fuhrer. Vol. II. 1691. 4to. 
/oMw,— State Univeraity. Bulletin of the Laboratories of Natural 

History. Vol. II. 2. 1892. 
Japan.— Transactions of the Seismotogical Society. Vol. XVI. 1892. 
Journal of the College of Science of the University of Tokio. 

Vols. IV. 2, V. 1-2. 1891-92. 
Mittheilungen aus der Medicinischen Facult&t der Kuaerlich- 

Japanischen UniveraitaL Ho. 0, 1892. 8»0. 
Mittheilungen der deutschen Qesellschaft fiir Natni- und V61- 
kerkunde Ostasiens zu Yokohama. Hft, XLVII. 4, and Snppt 
1892. 
Asiatic Society. Transactions. Vols. XIX. 2, 3, XX. Suj^ 
1891-fi2. 8vo. 
/amaica.— Institute of Jamaica. Journal. Vol. L 1-5. 1891-92:— 
Bulletin, No. 1. Special Publications. Bainfall of Jamaica. 
1891. 4to. 
JeTta. — Jenaische Zeitschrift ftir NatuTwisaenschaft, herau^ben vcax der 
Medicinish-Naturwissenscliaftlichen Geeellschaft zu Jena. Bd. 
XXVII. 1, 2. 1892.— Denkschiiften, Bd. III., Th. I. IBS9. 
4to. 
/foMii,— Imperial University. Uchenuiya Zapiski, 1891-92. 
KitL — Universtat Inaugural University DtHsertationa. 1891-92. 

Commisaion zur Wissenschaftlichen Uatersuchiing det Deutschen 
Meere. Ei^bnisse der BeobachtuDgsatationett, 1891. 
Kitv Untvenity. — Universitetekiya Isvyaistiya. XXXII. 189S. 
ZiQiuanne. — Bulletin de la Soci^t^ Vaudoiae des Sciences Natorelles. 
3* Sine. XXVII., XXVIII. 1891-92. 
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Ludt. — PhUoBophitad and Literaty Society Reports. 1891-92. Svo. 
Ltifoig. — Berichte ub«r die Verhaadlungen der Kooigl. SachsiBclien 

Oesellscbaft der WiBsenechaften. Math. Pbjs. Clame.— 189 1-92. 

— Philologiach-HiBtoriBcfae Clas!<e. 1891-92. 8to. 
Abhandlangen der Math.-PhjB. Clasae. Bd. XVIII. 1892.— 

Phil. HUL Claase. Bd. XIII. 1891-92. 8vo. 
Fiirsttich JabloDowaki'eche Oeaellachafl. PieitBchriften. XXIX. 

1891. 
Sitzangsbericht« der Naturforschenden Ge«elli<chafL 1S9I-9S. 
tftrfm, — Nederlandache Dierkundige Vereenigingi Tijdschrift. Deel 

III. 2-4. 1891-93. 
LiUe.—Saa.iik O^logique du NonL Annales XVII.-XIX. I891-9S. 

8vo. 
iiwryoot— Biological Society, Vol VI. 1891-92. 
Lubon.— Boletin da Sociedade de Qeograpbia. 1892. 
London. — Proceedings ot the Society of Antiquaries. VoL XIV. 1-2, 

1892. Index of Ardueological Papern, 1891, 
Archeeologia ; or Miacellaneoua Tracts relating to Antiquity. 

VoL UIL, Pt. 1. 1892. 4ta 
Joarnal of the Anthropological InstituU of Qreat Britain and 

Ireland. VoL XXI. 1892. 8ro. 
Journal of the Society of Arts. 1891-92. 8vo. 
Nautical Almanac and AHtronomical Epbemeris for tlie Year 

1895.— From the Lord* of Ou AdmiraUy. 
Monthly Notices of the Royal Astronomical Society. VoL LII. 

1891. 8to,— Memoirs of the Royal Astronomical Society. 

VoL L. 1890-91. 4to. 
Journal and Abstracts of Proceedings of the Clwinical Society. 

1891-92. 8TO. 
Journal of the Society of Chemical Industry. 1891-92. 
Transactions of the Clinical Society of London, VoL XXV. 1892. 
DepartiMra of Scunce and Artt. — Solar Phyaics Committee. 

Measures of Positions and Areas of Sun-Spots and Faculie on 

Photographs taken at Greenwich, Dehra Dun, and Melbourne, 

with the deduced Heliographic Longitudes and latitudes, 

1878-1881. 1891. 4to. 
East India Company's Museum. Catali^ue of the Mammalia. 

1851. 8vo.— The Same. Birds. 2to18. 18S6-&8. 8vo.— The 

same. Lepidopterous Insect& 1867-59. Sto. 
Minutes of Proceedings of the Institution of Civil Engineers. 

Vols. CVII.-CX. 1891-98. 8Ta 
Institution of Mechanical Engineeis, Proceedings. 1891-92. 8vo, 
Proceedings of the Royal Geographical Society. New Series. 

VoL XIV. 1898. 
Quarterly Journal ot the Geological Society. VoL XLVIII,, 

1892.— Abstracts, 1891-92. 
Proceedings of the Geologists' Association. VoL XII. 5-10 

1881-92. 
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Horticultnial Society, JonmaL VoU. XIV.-XV. 1892. 
Imperial Institute. Year-Book. 1898. 

Inatitute of Brewing. Tmuaactiona. Vola. V., VI. 1891-92. 
Journal of the Eaat Indiaa AasociatioiL Vol. XXIV. 1891-92. 

8vo. 
JouruAl of the Linnean Societj. — Zoology. Vol. XXIIL 

1891-92.— BoUny. Vok XXVIII., XXIX. 1891-92. Svo. 
Transactions of the Linnean Society. Second Series. — Botany. 

Vol. III. 4-7. 1892. 4to. 
. Proceedings of the London Mathematical Society. Vol. XXII. 
Noa. 421-449. 18B2. 8vo. 
Medical and Chirurgical Transactions published by the Soyal 
Medical and Chirurgical Society. Vol. LXXIV. 1891. Sto. 
Royal MeUonAogieal SocUty. — The Meteorological Becord : 
Monthly Beturns of Observations made at the SUtions of the 
Meteorological Society. Vol. XI. Nos. 41-46. 1892. 
Quarterly Journal of the Meteorological Society. Vol XVII. 

Nos. 80-84. 1692. 
MeitOToloffieal Offie*. — Report of the Meteorological Council to the 
Royal Society. Report for Year ending 3lBt March 
1891. 
Honrly Readings. 1888-89. 4to. 
Weekly Weather Beporte. Vol. IX. 1892. 4to. 
Ten Yean' Suuehine in the British Isles, 1831-90. 1891. 

8vo. 
Harmonic Analysis of Hourly Observations of Air Tem- 
perature and Pressure at British Observatories. 1891. 
4to. 
Journal of the Boyal Microscopical Society, containing its 

Transactions and Proceedings. New Series. 1892. 8vo, 
The Mineralogical Magazine and Journal of the Mineralogical 
Societyof Great Britain and Ireland. Nos. 44-4&. 1892. 8va 
BrUiA MuMum.— Catalogne of Birds. Vols. XVI., XVIL, XX. 

1891-92. 8vo. 
Fatholc^cal Society. Trtmsoctiona Vols. XLII., XLIII. 1891- 

92. 
Pharmaceutical Society, JonmaL 1891-92. 
Philosophical Traneactions of the Royal Society. Vole. CLXXXII., 
CLXXXIII. 1891-92. 4to.— Proceedings of the Royal Society. 
Vols. XLIX.-LII. 1891-92. 8vo. 
Catalogue of Scientific Papers (1874-1883). Vol. IX. Aba-Ois. 

1891. 4to. 
Proceedings of the Royal Institution of Great Britain. Vol XIII. 

1, 2. 1891-92. 
Journal of the Statistical Society. Vol. LV. 1 892. 8vo. 
Transactions of the Zoological Society of London. Vol. XIII., 
No. 4. 1892. 4to.— Proceedings for the Years 1891-92. 8vo. 
Loavain. — University. Annuaire 1692. 1893. 
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i^tiinn6(»(r!).—L'InstitiitRojal-Qraad -Ducal. Publications. XXI. 1891. 

—Observations Mdt^orologiques. Vol. T. 1890. 8to. 
Lvhedc — Qeographisclie Oesellschaft u. Katurbistorischee Uiuenm. 

MitteiluDgen, 2^ Reihe. Heft 1, E. 1692. 8to. 
tyw".— Univereity. Annales. Tomea I.-VI. 1891-92. 

UuB^e Guimet. Annales. Tomes XVIII.-XXI. 1891-92.— 

Bevue de I'Histoire des Religions. Tomes XXIII.-XXV. 

1691-92. 
Introduction au Catalogue du Mub^^ Quimet. 169S. 8vo. 
Madrtu. — Obserratorj. Meteorological Observations, 1861-80. 1692. 

4to. Besulta of Observationa of the Fixed Stars made vith the 

Meridian Circle, 1871-76. 1892. 4to. 
Qovernment Central Museum. Reports. 1690-92. Qeolof^cal 

Map of the Madras Preaidency. 1892. 
Madrid. — Boletin de la Comisi^n del Mapa Oeologico de Espana. Tom. 

XVII., XTIII, 1890-91.— .FVom the Commvaion. 
ManeheiUr. — Trangactions of the Mauchester Geolc^ical Society. Yols. 

XXI., XXIL 1B8I-92. 
Literary and Philosophical Society, Memoirs and Proceedings. 

(N.a) VokV., VI. 1691-92. 
Microscopical Society, Transactions. 1891. 
MiirKafes. —Bulletin de la Soci^t^ Scientitique Industrielle. 1891-92. 
Facolt^ des Sciences. Annales. Tomes I., II. Ease. I. 18&S. 

4to. 
JtfeoM.- Sociedad cieutifica "Antooio Alzate." Memoiiaa. TomosTn 

VI. 1891-92. 
Obsetvatorio Meteorologico-Magnetico CentraL Boletin Men- 

euaL 1690. 
MUaa. — Reale Istituto di Scienze e Lettere. Memorie : Classe di 

Letters e Scienze Morali e Pollticbe. VoL XVIII. 3, 4, 6. 1891. 
RendicontL XXIII. 1890. 
Minnaota, — Qeological and Natural History Survey. Annual Reports, 

19th. 1890. 
Mon^itlier. — Acaddmie des Sciences et Lettres. Section dea Sciences. 

XI. No. 2. 1692. SecUoa des Lettres. IX. Nos. 1 and 2. 

1892. Section de MMecine. VI. No. 2. 1892. 
JBoRtKoi- Natural History Society, Proceedings. Vols. IV., V. 1892. 

8vo. 
MoKow. — Society Imp^riale des Naturalistes. Bulletin. 1888-91. 
jtfuiftaiMiii. -Industrielle Gesellflchaft. Jahreabericbte. 1889-91. 
ManuA. — Abhandlungen der k. Bayeriachen Akademie der Wissen- 

schaften.- PbUoaopbiach-Pbilologische Clasae. Bd. XIX. 2, 3. 

1892.— Hiatoriache Clasae. Bd. XIX. 3. 1891.-^iCzungs- 

berichte. Mathematisch-Fbysikalische Classe. 1892. Fhilo- 

sophisch-Philol. und Hiatorische Classe. 1692. 
IfapUs. — Rendiconti della R. Accademia deJle Scienze Fiaicbe e Mate- 

matiche. Vol. T., VI. 1691-92. 4t«. Memorie. VoL IV. 
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Mittheilungen ana der Zoologischen Station zu KeapeL Bd. X. 
S, 3. 1692. 8m 
Nd/raAa. — UuiTereity Bulletin. T. 1. Annual Reports. 1691. 
Netley. — Army Medical SchooL — Deecriptive Catalogue of the Pathological 
Specimens contained in the MuBeum. 3rd ed. Vol. L B; 
Sir Wm. Aitken, M.D., SK.—From, the SenaU. 
NeahMxn (Cona. U.S.). — Astronomical Obseiratoij of Yale Uoivem^, 
Traneoctions. VoL I., Parts III., IV. 1603. Beports, 1891-92. 
Nev) York. — Bulletin of the American Uuseum of Natural Histoij. 
Vol. III. 2. 1892. 
American Geographical Society. Vol. XXIV. 1892. Bvo. 

Nijmegen Nederlandach Kruidkundig Archief.— Verolagen en Mede- 

deelingen dei Nederlandeche Botaniscbe Vere«niging. 2* Serie. 
6* Deel. Stuk 1. 1892. 
OherpfahundEegeruburg. — UiBtorischerVeTein.Veibandlungen: Register, 

Bd. I.-XL. 8vo. 

Odexa. — NoTorossiiakago Obshestva Estestvoispnitatelei Zapiski. XVL 

2. 1892.— Zapiski Matematicheakago Otdf eteniTa. Tom. XII. 

1892. 

Ojf«i6(»<A,^.itf.— VereinfiirNatnrkunde. Berichte. 29-32. 1867-91. 

Ox/ord.— Beeulte of Aationomical Observations at the Raddiffe Obeervs- 

tory. XLV. 1887. 
Palermo. — Society di Science Natural! ed Economiche. Bolletina 1892. 

Koa. 1-3. 
Pom— Comptes Kendus des Stances de I'Acadimie dea Sciences. 1S92. 
4to. 
Oenvres completes d'Aagnstin Cauchy, publi^ea boqb la Direction 

del'Acad^nite. 2* S^rie. Tome IX. 1891. 
Comptes Bendus de I'Acad^mie dea InscriptionB et Belles-Lettree. 

Tom. XX. 1892. 8vo. 
Associatiou Fran^aise pour rATaDcement des Sciences. Compte 

Rendu. 19* et 20° Sessions. 1890-1892. Svo. 
Bnrean international des Poids et Mesures. Publicationa, 1676- 

1892. 
Sociit^ d' Anthropologic, Bulletins. 4" S^rie. Tomes IL, III. 1-2. 

1891-92.— Mimoirea. Tome IV. 3. 1B92. 
Annalea de I'^cole Normale Supdrieure, 3* S^rie. Tome IX 

1892. 
Annales des Mines. 189S. 
Soci^t^ Nationale des Antiquaires. M^moires. L. 1889.— 

Bulletin. 1689. 
Bulletina des S^ces de la Soci^t^ Nationale d'Agricnltore de 

France. 1892. 8vo.— Mimoires. Tome CXXXIV. 1882. 

Soci^t^ de O^ographie. Bolletins. 1692.— Comptes Bendns. 1892. 

SociSt^ G6olagique de France. Bulletins. 3* S^rie. Tomes 

XIX, XX 1891-92. 8to. — Mimoires. (Pal&ntologie), 

Tome II. 1-3. 1891-92. 

Annales Hydrographiques. 1892. 6to. 
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PDldicatiom du B^pot de la Marine. 1892. 

L'ObtenatmTe. — Rapport Annuel sui I'^tat de I'ObMrvBtoire de 

Paris, par M. le Contre-amiral Monchez, poor I'Ann^e 1891. 
Journal de I'ilcole Polytechnique. 60, 61 Cahierg. 1891-92. 
BoUetuiB de la SocidM Mathdmatique de Fnnoe. Tome XX. 

1892. evo. 
Minutere de rinstruction Piibliqne. Dictionnaiie de I'Ancienne 

Langne Fran^aiBeetde touaaes Dialectefl duIX'ou XV* Siicle, 

Par FridSric Godefroy. Fasc 62-69. Paris. Voa. 
Museum d'RiBtoire Naturelle. Nouvelles ArchiTes. 3™ S^rie. 

Tomee II. 2, III. 1. 1891. 
SociSW Fr8n5aiae de Physique, Stances, 1B92, 
SocWW Philomathique. Bulletin. 8* 8&ie. Tome IV. 1892. 

Comptes Bendus. 1893. 
Feuillea des Jeunes Naturalistes. Nos. SM-268. 189S. 
Bnlletm de la SociSU dee iltudes Scientiiiques. 1891. 
SociiU Zoologiqne. Bulletin. XVII. 1-5. 1892.— U^moiies. 

Tomee IV., V. 1891-92. 
PemuylMMa — Geological Survey. — Northern Anthracite Coal-Fielda, 

Atlas VI. Southern Anthracite Field, Atlas, 4-6. Western 

Middle Anthracite Field, Atlaa 3.— Qeoli^ ■>£ the Coimtjea 

of Union, Synder, Mifflin, Juniata, 
PAilodeJphm.— American Philosophical Society for Promoting Useful 

Knowledge, Proceedings. Noa. 136-138. 1892, 8vo.— Trans- 
actions. Vol. XVII. 1-2. 1892. 4to. Academy of Natural 

Sciences, Proceedings. 1891-92. Journal, IX. 3. 189S. 
Flymouth.—iiainie Biological Association, JonmaL Vol II. 3, 4. 189S. 
Pnigue.—K. K Stemwarte. Magnetisehe und Meteorolc^:ischc Beobach- 

tungen. 1691. Astronomiache Beobachtangen. 1888-91, 4to. 
Abhandlungen der E. Bohmischen QeeellscbafL Phil. Hist Classe. 

Bd. rV. 1890-91.— Math. Natorw. Clause. Bd. IV. 1890-91. 

— SitznngBbeTicht«. 1891. — Jahresbericbt, 1891. 
Qiubte. — Literary and Historical Society. Transactions, No. 2. 1891-92. 
Queeniiand. — Queensland Branch of the Royal Oeogrophical Society of 

Australasia. VoL VII. 1891-92. 
Obaervatory, Meteorological Report, 1888-91.- Weather Charts, 

by C. L. Wr^ge, Brisbane, 1898. 
Water Supply Department. Report of the Hydraulic Engineer 

on Water Supply. 1892. 4to. 
Queensland Museum. Annals, No. S, 189S. 8vo. Beport, 

1892. 
Rio de Janeiro. — Observatorio. Bevista, 1891. 
Some. — Atti della R. Accademia dei LinceL Bendiconti. 1892,— 

Memorie. Classe di Scienxe Mor. Storiche et FiloL Serie IV., 

Tom. X. 1892. — Classe di Sdenze Fisicbe e Natunili. Serie 

IV,, Tom. VI. 1886. 
Memorie della Society degliSpettnwcopisti Italian]. XXI. 1892. 
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Accademia Ponteficia dei Lincei. Atti, anno XLIV.-XLY. 

1891-82. 
B. ComiUto Geologico. Bolletino. XXII. No. 1-4. 1892.— 
Memarie ducrittive della Carta Oeologico. YI. 1892. 
BoVftioi Obiervalory. — Meteoiolc^cal Obaervations for 1B90, 1891. 
SaitU Loitii ( U.S.) — Academy of Sciences. Tranaocljons. VoL V. 3, 4. 

VI. 1. 189!. 
St PeUriiniTg. — Acaddmie Imp^riole dee Sciences. BuUetias. N.S. 
Tomes II., III. 1, !. 189!.— MSmoires. Tomes XXXVIII., 
XXXIX. 1. 1892. 
MittheiluDgen der Internationalen Polar ComnuBaion7**(Sehlas») 

HefL 1891. 
Jonmal Buaakago Phisico-ChimicbeBk^o OblsctiestTa. Tom. 

XXIV. 1898. 8T0. 
Otehet Impeiatonkago Rueskago QeogratihicheBkago Obtachettva. 

1890. 8vo. 
Annalen des Pbysicaluclien CentTal-Obserratorinms. Jahrg. 

1890, a. 1891, 1, 8. 410. 
Bepertorium fiir Meteorologie, hemuagegebeti von der Ewaer- 
lichen Akademie der Wisaenschaflen. Bde. XIV., XV. 
1891-92. 4to. 
ComiU O^oloKiqne. Bnlletina. Vols. X., XI. 1891-92.— 

Mimoirea. Vol. XIII. 1. 1892. 4to. 
Institut Imperial de M^ecine Expdrimentale, Archives des 
Sciences Biologiquee. Tome I. Nos. 1-4. 1891, 4to. 
Saiem.—&mx Iwrtitute. BuUetina, XXI. 7-12, XXII. 1-12. His- 

torical Collections, XXV., XXVI. 1892. 8vo. 
Santiago. — Deut«cher Wissenschaftlicher Yerein. Verhandlungeo. Bde. 

III., IV. 1891-92. 
Strwboarg Univernty. — Inaugural Dissertations. 1891-92. 
Stuttgaii.— J oiiteA^fio des Yereins fiir vaterlandische Natorknnde in 

Wiirttembei^. Jahrg. 1692. 
SunUerland. — Nouveaux M^moirea de la Soci^U Relv^tique des ScieDces 
NatureUcH. Band XXXII. 2. 1891. 
Compt«B Bendos et Actes de la Socidt^ Helv^tique des Sciences 
Naturelles, r^unie & Fribonrg, 1891. VerhandluDtrei, 1890-91. 
Qeodatische CommissioiL Nivellement de Pr^ision de la SuiHse. 
9™ and 10™ Livr. 1891. 4to. 
Sydnty.—Tb6 Proceedings of the Linnean Society of New South Wales. 
Second Series. Vols. VI., VII. 1, 2. 1891-92. 8vo. 
Journal and Proceedings of the BoyalSocietyof New South Wales. 

Vol. XXV. 1892. 8vo. 
Australian Musenm. Records. Vol. I. No. 10. II. 1-3. 1692. 
Report. 1890-91. Catalogue of the Marine Shells of Australia 

and Tasmania. Pts. 1 and S. 1892. Svo. 
Department of Mines. Memoirs (Palieontology). YIII. 2. 
1892.- Recoids. Vols. II. 4, III. 1. 1892.— Aunoal Report 
1891. 
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A Statistical Account of the Seven Colonies of Anatnlia. By 
T. A Coghlim. 1892. 8ro.— Front the Oovernmera. 
Tiaiiajfa. — Obaervatorio AstroDomico. Annoario XII., XIII. 1892-93. 

— Boletin. Tom. I. Noe. 7-12. 
riHmanM.— Royal Society, Proceedings. 1890-91. Bvo. 
Tlmmdlt}«m.—Kg\. Nonke VideoBkaben Sekkab. Skrifter. 1888-89. 
Tt/Iu;— UagnetiKhe und Heteorolc^ische Beobochtungen. 1890. 
ToTDnlo.— Canadian Institute. Traneactionfi. Vols. II., III. 1. 1891-92. 
8T0. 
UniTenity Mathematical So<nety. Fapen read during 1890-91. 
8vo. 
Tmdotut. — Acad^mie des Sciencea. M^moirea. d*S^rie. Tom. III. 1891. 

Faculty des Sciences. Annales. Tom. Y., VI. 1891-92. 
TVmton. — Joornal of the Natural History Society. II. 2. 1891. 
IWmJift— Tronud Muaeum : Aarskefter. No. XIV. 1891. 
TiAivgen Uftivernly. — Inai^nd Dissertations. 1891-92. 
Tiww.— Reale Acoademia delle Scienie di Torino. Memorie. Serie 
Seconda. TohlXLII. 1892. 4to.— Atti. VoLXXVlI, 1891-92. 
BoUetinn dell' Osserratorio della Bqiia tJniveiHitJt di ToTino. 

Autio 1891. 
Bolletino di Zoologia ed Anatomia Comparata della nniversiti 
di Torino. Vol. VI., VII. 1891-92. 
E^wo^— Bnlletin U^t^orologique Uensnel de rObserratoire de 
I'UniTatmt^ d'UpsaL VoL XXIII. 1891. 4to. 
Univenity. AnakrifL 189L^Iaaugnral Dissertations (Medical 
and Scientific). 1891-92. 
VinelU. — Verslag van bet Verhandelde in de Provinciaal TJtrechtsch 
Oenootschap ran Kunsten ed Wetenschappen. 1691. — 
Aaoteekeningen van bet ProTinciaol Utreclitsch Oenootschap. 
1691. Svo. — Prize Essays. On the Distribution of the Moon's 
Heat. By F. W. Very. 1891. 4to.— Die Funktionen der 
Qonglieniellen des Halsmaikes. 1891. Bvo. 
Pmiee. — Atti del Beale Istituto Veneto di Scienze, Lettere ed Arti. 

Ser. VII., Tom. II., III. 1-3. 1890-92. 
Victoria— Sosal Society of rictorto.— Transactions. Vols. II., III. 1. 
1890-91. Proceedings. N.S. Vola. III., IV. 1. 1891-92. 
Victorian Year-Book for 1890-91. 
Victorian Patents and Patentees. XX-XXIl. 188S-186T. 4ta 

— From the OoDem'mtnt. 
Sonth Sea Languages. Vols. I. and II. By the Bev. D, Mac- 
donald. 1869-90. 8to. — Fmn, the Oovemmenl. 
Vienna. — Denkschriften der Eais. Akademie der Wissenschaften. Math.- 
Natarwiaunschaftliche Classe. Bde. LVIII. 1691.— Philo- 
BophiBcb-Hiatoriache Classe. Bd. XL, XLL 169S. 
Sitzungsbericbte der Math.-NaturwissenschsfUichenen Claase. 
Bde. C, CI. 1892-93.— Philoeoph.-Historiache Classe. fide. 
CXXIV.-CXXVI. 1891-92. 
Almanaf.h der K. Akademie der Wissenschafteii. 1891-92. 8ro. 
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Jahrbuchet der K. E. CentTal-Anstalt fiii Heteorolo^e nnd 

Erdmagnetumna, Nene Folge ; fiii 1890. 4to. 
Yertuuidlui^B derE. K. Qeologischen Beichsanstalt 1891-1891. 
Abhandliuigea der E. E. Geologkchen Seictuimstalt Bd. XYII. 

1, 2. 1892. 
Jahrbiicher der E. E. Oeologischen BeichBanstalt. Bde. SIA. 

1891. 
Annalen dec E. E. NatoiluBtmscheii'HofoLiueQiiiB. Bde. TI., 

VII. 1, 2. 1892. 
Arbeitea am dem Zoolo^Bchen Institute. Tom. X. 1893. 
E. E. Oradmessungs-BuTeaD. Astionomiscbe Arbeiten. fide. IIL, 

IV. 1891-92. Verhandlnngen, 1984-92. 
Virginia Vnivenity.—Atm6h of Mathematics. Vol. VI. 6-7. 1B92. 
WtukingUm. — National Academ j of Sciencee. Memoini. Vol. V. 1683. 
Philosophical Society. Bulletin. XI. 1889-91. 
Geological Society of America. BiUletinH. Vol«.L,II. 1690-91. 
Aatronomical Fapen of the American Ephemma and Nautical 

Almanac. Vols. II., III. 1B9I. 
Department of AgricoltnTe — Wesithei Burean. — Reports. 1891. 

8TO. 

Monthly Weather Review. 1891-92. Bulletin, Nob. 1-«. 1892. 
Experiment Station Bulletins. No. 10. Irrigation and Water 
Stor^^e in the Arid Regions. 1691. 4to. 

Bureau of Ethnology. Bulletins : — Omaha and Fnnka Letters- 
Catalogue of PreUatoric Works east of the Rocky Mountains- 
Bibliography of the Algonquiaa Languages. 

U.S. National Museum. Bulletin. Nob. 39-42. 1891-92.— 
Proceedings. XIV.-XV. 1891-9!.— Reports, 1888-89. 1891. 

n.S. Naval Observatory. Obserrations. 188fi-88. — Reports, 
1891-92. 

United States Geological Survey. — BuUetina. 67-81. 1892. 
8vo.~Mineral Resources, 1869-90. — Annual Reports, lOtb. 



U.S. Gei^p^phical and Geological Survey of the Rocky Uountain 

Region. ContritAtioDs to North American Ethnology. Vols. 

II. Pta. 1 and 2. VI. 1893. 4to. 
Reportsof the Superintendent of the Uoited States Coast Qeodelie 

Survey during 1890.— BuUetins. Na 25, 1892. 
United States Commission of Fish and Fisheries, Repeal. 1887. 

—Bulletin. IX. 1369. 8vo. 
Smithsonian Miscellaneous Collections. VoL XXXIV. 1S91. 

8vo. 
Smithsonian Contributions to Enowledge. VoL XXVIIL 1692. 
Smithsonian Reports for 1890. 8to. . 
Index to Catalogue of the Library of Snrgefm-General's Office 

VoU XII., XIII. 1891. 4to. 
tPdlmgUm. — Transactions and Proceedings of the New Zealand Institute. 

Vol. XXIV. 1891. 
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Colonial If nienm and Otologic*] SurTey. Twenty -Sixtli Anniul 
Bepotl 1890-91.— Reports of Geological Explorations (New 
Zeakud) daring 18(K)-9I, irith Maps and Sectione. 8vo. 

Statistics of New ZeaUnd. 1690-91. 

Betult of a Cenraa of New Zealand, April 1891. 4U>. 

The New Zealand Official Handbook. 189S. 8vo. 

Polynesian Society JoumaL Vol I. No. I. 1892. 
tViteontin (7ntwr«(y.— Washburn Observatory. Observations. VIII 

1889-91. 
YorkAire. — 0«ologio8l and Polytechnic Society. VoL XII. I. 189S. 

Philosophical Society. 1891. 
ZuricL— Annalen det SchweiieriKhen Meteorologiscben Centr&l-Anstalt 
fiir 188Q, 1S90. 

NaturforBchende (Jesellschaft. VierteljahrMcbrift Jabfg.37. 1892. 
Neujahnblatt Noe. 94, 95. 
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Anspetch (L). Le B61e de I'Eau dana lee Cylindree k Vapeur. Liege, 

169S. 8V0. 
Ball (Sir Bobert 8.), LL.D., F.B.S. The Theory of Permanent Screws, 

being the Ninth Memoir on the Theory of Screws. (From 3Von*. 

R.I.A.). Dublin, 1891. 4to. 
Baahforth (F.). Beprint of "A Description of a Uachine for finding the 

numerical Boots of Equations and tracing a variety of useful 

Carves," communicated to the British Association, 1645. With an 

Appendix containing Extracts from Papers relating hi the Invention 

of the Tide Predictor. Cambridge, 189S. 8vo. 
Bergbohm (Julius). Neue Integrationsmcthoden anf Qrund dec Poten- 

zial-, HAgarithmal-, and Nimieralrechnung. Stnttgart, 1692. 8vo. 
Entwarf einer neuen Int^ralrechnung auf Gnind der Pol«nrial- 

Logarithmal-, und Nnmeralrechnang^-Die Rationalen Algebraischen 

und die gonometrischen Inl^^rale. Leipzig, 1602. 8vo. 
Cayley (Arthur), D.Sc, F.R.S. Collated Mathematical Papers. Vols. 

IV., V. Cambridge, 1891-92. 4to. 
Coghlan (T. A.). The Wealth and Progreea of New South Wales, 1890- 

91. 5th Issue. Sydney, 1891. 6vo. 
A Statistical Account of the Seven Colonies of Australia. 

Sydney, 1892. 8vo. 

Australian Debts and Assets. Bvo. 

Corradi (Prof. A.). Delia Minutiu Sanguinis e dei Solassi periodicL 

Milano (189S). 4U). 
' Degli Esperimenti Fossicolt^ioi in anima wbili nel cinquecento. 

Milano (1692). 4to. 
Le prime Fannacopee Ilaliane ed in particolare dei Bicettari 

FiorentinL Milano, 1887. 8vo. ■ 
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Fletcher (L.). The Optical Indicatrix and the TmnsnuMdon of Li^t in 

Cryatala. London, 1892. 8to. 
Qalileo. Le Opere di Oalileo Galilei. Edizione Nazionsle Mtto gli 

auapicii di sua MmiU il Re d'ltalia. Vol. II. Fiienze, 1891. 4Ul 

— From iKt Miniela- of Pvhlie IndrveHon of Bats. 
Ganser (Anton). Der reise GotteBbegriff und deseen Wiehtigkot 

Grai, 1892. 8vo. 
Schttle und StaaL Eine Pioblem unserei ZeiL Giaz, 1B8S. 

8vo. 
Gill (DaTidX LL.D., &c The Cape Aatronomere and their Worft. A 

Lecture. Cape Town, 1892. 12mo. 
Gotliaid (Engen v.). Das Spectrum des Neaen Sl«me8 in Aorig^ im 

Vergleich mit demjenigen dnigen PlanstiBcher Nebeln. Buda 

Peat, 189a 8™. 
Hale (George S.). The Astronomical Exhibits at the Columbian Eipod- 

tion — Solar Photography — Spectroscopic Observations of the Great 

Sun-Spot Group of February 1882— Ultra-Violet Spectrum of the 

Solar Spectrum— A Aemaikable Solar DiHturbance — Photogiaphs of 

Solar Phenomena. 
Heen (F. de). Sur un Etat de la Matibre caract^risd par I'lnd^pendance 

de la PresBioD et da Volume sp^ifique. Brnxelles, 1892. 8va 
Hehir (Surgeon-Capt. Patrick). Hygiene of Water and Water Sappliea 

Calcutta, 1890. 8vo. 
The Rudiments of Sanitation foe Indian Schoola. 2nd Ed. 

Calcutta, 1891. Svo. 

The Same. (In Urdu.) 

Microscopical Observations on the Htemotoioon of Malaria. 

1891. 4to. 
Alcohol : Its Moral, Physical, and Social Effects. Madras, 1891. 

8to. 
Hbtorical Bettospect of Sanitation. An Introdnctoiy Lecture. 

Madras, 1692. 4to. 

Historical Note on Cholera. 1892. 4to. 

Microscopical Obaervationa on the Blood of Cases of Leprosy. 

4to. 
Patholt^cal and Etiological Relations of Tropical SappontiTe 

Hepetitis. 1892. 4IO. 
and Gribble (I. D. B.). Outlines of Medical Jurisprudence for 

India. 3rd Ed. Madras, 1892. 8vo. 
and Laurie (R B.). Pharmacopoeia of the Afsul Gunj Hospital 

Hyderabad, 189S. 12mo. 
Reports of the Second Hyderabad Chloroform Commission.— 

From the Lanett. 
Henry (James). Aeneidea, or Critical, Esegetical, and Aestheticsl 

Remarks on the Aeneis. Indices. Meissen, 1892. Sra— jVon 

Ou AuOun't TmiUet. 
Jannettaz (M. ^douard). Notice rar lea Travans Scientifiqnes de. 

Paris, 1692. 4to. 
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Jannettaz (M. Edonatd). Noavelleg Becherches but la Propagatioa de la 

Chalenr dans lea Corps crUtalliB^ et Notes sor lea Orenata noirs dea 

Vyiiaiea. Paris, 1892. 8vo. 
Johnaton (Thomac Orawf oid). " Did the Phtemciana discover America 1 " 

San Fnuciaco, 1882. Sva— From tht OeografhwU Society of Cali- 

fonua. 
Eolliker (A. v.) Nerretuellen nnd Nervenfaaem. Leipiig, 1892. 8to. 
Loewenberg (Di). L'Otite grippale obaerrte a Paris en 1891. Tours, 

1882. 8vol 
Lubbock (Sir Jobn^ Bart, M.P., F.RS. A Contribution to oar Know- 
ledge of SeedlingB. VoU I., II. London, 1892. 8va 
M'Vail (John C), M.D. Tirst Annual Report (1891) to the County 

Council and District Committeea of Dunbarton, Glasgow, 1892. 8vo. 
Uonaco (S. A. Albert 1", Prince de). Projet d'Obaervatoirea MSt^ro- 

logiques sur I'Ocian Atlantique. — Sat CompU-rmdut de lAtad. da 

Sci«ncM. 1892. 4b). 
Munro (Robert), U.D. Notice of some Curiously Constructed Wooden 

Objecta found in Peat Bogs in varioua parts of Europe, enppoeed to 

have been Otter and Beaver Traps.— AcpCd. Proc Soc Ant. SeoL, 

Edin. 1892. 8vo. 
Roberts (Thomas), M.A. The Jurassic Rocks of the Neighbourhood of 

Cambridge. (Sedgwick Priie Eauj, 1886.) Cambridge, 1602. 8vo. 

— From tht Syndic* oj (hi Caraiindgt Univ. Prett. 
SauMure (Horace-Kn^dict de). Observations MSt^orologiquea failes an 

Col du Gdant du 6 au 18 JniUet 1788. Geneve, 1891. 4to.— ^om 

M. Henri de Sauitari. 
Siemens (Sir William C), F.B.S. Scientific Works. Ed. bj £. F. 

Bambet. 3 vols. London, 1889. Svo. 
Life. By William Pole, F.R.S., &o. Loudon, 1888. Bva— Pm- 

tenied fry Lady Si^mem. 
Yanleem (U'*). Examen critique de la Valeur officielle du Rapport de 

la Circonf^rence au Diamitre. Paris, 1892. Svo. 
White (Arthur Silva). The Development of Africa. 2nd Ed. London, 

1892. 
Whitney (Prof. W. D.). On Delbrucka Vedic System. On the Narra- 
tive Use of Imperfect and Perfect in the Bishmanas. — Beptd. Amtr. 

Jour. Phil. 
Wilde (Henry), F.R.S. On the Causes of the Phenomena of Terrestrial 

Magnetism, and on some Electro-Mechanism for exhibiting the 

secular changes in its Horizontal and Vertical Components. (In 

English and German.) [1692.] 4to. 
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Sir Qeorge Biddell Airy. By Profesaor Gopeland. 

(Bead Juiuaiy 30, 1893. ) 

George Biddell Air^ was bora at Alnwick on the S7th of July 
1801. He received bis earlier education partly at Hereford and 
elsewhere, but chieQy at Colchester Grammar School. In the 
autumn of 1819 he was sent to Cambridge, where, at first, he 
studied at the expense at his maternal uncle, Artbni Biddell of 
Flayford, near Ipswich. He entered Trinity College as a sizar, and 
although partly supporting himself by teaching, he found time while 
yet an undergraduate to contribute a paper on glass reflecton 
silvered at the back to the CaTnbridge Philonophicai TVansocttons, 
then recently started. In 1823 he graduated as senior wtangler, 
and was elected a Fellow of bis College in the following year. 
About this time he wrote a nnmber of important papers on the 
figore of the earth and on other subjects, not the least valuable of 
these being one on sstigmatism of the eyes and the simple modifica- 
tion of the spectacles, by the introduction of the single cylindrical 
surface necessary for its correction. 

At the end of 1826 he was appointed Lncasian Professor, and 
early in 1828 Plomian Professor of Astronomy and Natural Philo- 
sophy, as well as Director of the new observatory. He at once 
threw himself heart and soul into both functions of his office, giving 
experimental lectures, and also systematically observing the sun, 
moon, planets, and stars with the DoUond transit instmment which, 
with a couple of clocks, formed the whole equipment of the obser- 
vatory. The completely reduced observations were published year 
by year in worthy emulation of the example set on the Continent 
by Bessel and Strove some years previously. No trouble, we are 
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told, was spared to secure accuracy in the results, the errors of the 
instrument being determined, and proper numerical corrections 
applied to the obserrationa. Although fully ten weeks of the 
sammei of 1828 were devoted to visiting the observataries of 
France and the north of Italy, and although for the first year Aiiy 
had no asaistant, the volume containing the earlier Cambridge 
observations appeared in April of the year after they were made. 
An assistant was then appointed, without whose ud in the routine 
work of the observatory it would have been physically impossible 
for Airy to devote due attention to the investigation of the motion 
of Yenne, which now engaged his attention. In 1831 he presented 
to the Royal Society bis celebrated memoir " On an Inequality of 
Ixiag Period in the Motions of the Earth and Venus," which, as Airy 
himself edd, " contaios the first specific improvement in the solar 
tables made in this country since the establishment of the theory 
of gravitation." About this time also he deduced the mass of 
Jupiter from elongations of the fourth satellite observed with a 
small equatorial telescope. These important investigations failed, 
however, to divert Airy altogether from the atndy of the Undulatory 
Theory of Light, which he materially helped to develop. Perlu^ 
the most generally known of his diapoveriee m this field is that of 
the exquiutely beautiful phenomenon caused by the passage i£ 
polarised light through two thick plates of quartz cut from right 
and left-handed crystals, which will ever bear the name of Airy's 
Spirals. 

For the first meeting of the British AsBOciation at York in 1831, 
Airy wrote a " B«port on the Progress of Astronomy during the 
Present Century." It is in fact a masterly history of the science 
from the beginning of this century to the date of the meeting, and, 
as such, con never lose its value. Towards tiie close of 1832 the 
mural circle, 6 feet in diameter, was erected, and at the same time 
an additional assistant was appointed in the person of James 
Glaisher, afterwards bo well known in the scientific vporld. About 
1633 the Duke of Northumberland presented to the Cambridge 
Observatory a refradiug telescope with an object-glass of the then 
unrivalled aperture of nearly 12 inches. The mounting for this 
instrument was designed by Professor Airy, who adopted the Eng- 
lish arrangement of a long polar-axla, which when built in the solid 
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style chftracterutic of all the apparatus coustnicteil by him affords 
perfect focilitf for obaervation near the celestial equator, but is in- 
ooaveDient to a degree when the telescope is diracted to the imme- 
diate nei^bourhood of the pole of the heavens. 

In 1835 Pond, the sixth Astronomer-Royal, resigned, and Aiiy, 
the distinguished young Cambridge professor, wsa naturally 
appointed to the vacant poet by Lord Auckland, then head of the 
Admiralty. Airy forthwith reoi^uised the national observatory, 
introducing the methods and amngements that had proved so sac- 
oessfnl at Cambridge. From that time forth the annual volumes of 
Greenwich observations, in their familiar drab bindings, appeared 
wiUi unfailing regularity. The field of work, too, was soon ex- 
tended. For some years tiie study of terrestrial magnetism had 
been making rapid strides, mainly under the auspices of the Jllag- 
netit<Ae Ksnetn, of which Qauss and Weber were the leading spirits. 
DesiioQs that this country should take a fitting share in investiga- 
tions so closely bearing on its varied maritime interests. Airy in 
1640 established the msgnetical and meteorological services at 
Greenwich. The memoiable Antarctic voyage of Captain (after- 
wards Sir) Jsmee dark Roes at that time doubtless influenced the 
authorities in sanctioning this extension of the work carried on at 
Greenwich. The laborious eye obeeivations in this department 
were replaced by photographic records as early as 1848. The inter- 
dependence of solar and magnetic phenomeDa, which at first escaped 
Aiiy, was established from the Greenwich observations many years 
afterwards by the indefatigable reeean^es of Mr Ellis. 

Not content with publishing and discussing his own work. Airy 
nsdertook the gigantic task of reducing all the lunar and planetary 
observations made by Bradley, Bliss, Maskelyne, and Pond from 
1750 to 1S30. Bradley's matchless observations of the sun and 
fixed stats for the first twelve years of that period had already 
been utilised by Bessel in his FuTidariicnia Attnmomia. For the 
planetary reductions. Airy in 1647 received the gold medal of the 
Royal Astronomical Society for the second time, and in the follow- 
ing year the lunar reductions gained him the equivalent testimonial 
of the same society. 

In 1847 was completed the Greenwich Altarimnth, designed by 
Professor Airy for the purpose of observing the moon near coi^unc- 
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tioD. In one respect the altazimuth marked a new daparttire in the 
construction of aetronomical instraments. Instead of being bntltnp 
of many parts bonnd together by numerous screws, it was made in 
as few pieces as possible, and tbe greateet care was taken that the 
critical puts, such as the micrometer screws, bore immediately agunst 
solid portions of the mounting. With this instrnment the moon 
was closely followed through its smaller phases for many years, and 
if the resulting places have not f nlfiUed the ezpectationa raised by 
them, it is chiefly because of the difficulty of ohtainii^ a very exact 
record from any instrument free to move in two co-ordinates, and 
partly also bom the somewhat insufScient optical power of the tele- 
scope employed. The altazimuth was, however, a bold experi- 
ment, and cleared the way for a new instrument about to be inlco- 
duced at Greenwich, riz., the TJnlTersal Tranait-Circle, which seems 
destined to accomplish in the most satisfactory manner the task 
originally proposed by Airy. In 1848 the late Astronomer Boyal 
replaced the old zenith-sector by the reflex zenith-tube, with which 
y Draconia, the star which passes almost exactly overhead at Green- 
wich, is observed from time to time. Greenwich is indeed favonted 
by the position of this star, so near at once to the zenith, and to the 
solstitial colure, that for many centurieB it will cDntinne to culminate 
within a few minutes of the zenith, just as it did in the days of 
Hooke, by whom it was first observed with extreme accuracy. 

In 1850 the large and massive transit-circle built, like almost aU 
the Greenwich instruments, by Troughton and Simms, superseded 
the transit instrument and mural circles till then in use. It is still 
a magnificent instrument, and one of the most stable of its class. 
Like the altazimuth it ia almost altogether made of cast-iron, but 
nnlike the greater number of transit-circles it cannot be reversed; 
this disadvantage is, however, very possibly outweighed in a national 
observatory by the unbroken nature of the records obtained. The 
chronograph was introduced at Greenwich some four years after 
the transit-circle. 

In 1 869 the Greenwich plant was augmented by a large equatorial 
of 12| inches aperture. The object-glass was made by Metz, but 
the mounting, which resembles that of the Northumberland tele- 
scope at Cambridge, was designed by Airy. So satisfactory and 
steady has this mounting proved that it is now being provided with 
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• telescope of no less than 26 inches aperture made by Sir Howard 
Onibb. Some years later Airy devised the "Orbit-Sweeper" — a 
new form of equatorial, with a third axis in the directioii of what 
would be the tube in an ordinary equatorial. When properly set 
and drirea by clockwork the telescope continues to sweep along any 
given great circle of the heavens. The University Observatory at 
StrasaboTg is provided with a beautiful inBtniment of this kind. 

The last considerable extension of the scope of Oreeuwlch Obser- 
vatory made by the late Astronomer'Boyal was the introduction in 
1873 of spectroscopy and the regular photography of solar pheno- 
mena. 

Of Sir Qeorge Ally's many labours in fields outside the regular 
work of the observatory only the briefest mention can here be made. 
His eminently pmctical method of correcting the deviation of com- 
passes in iron ressels, the outcome of numerous experiments on 
board ship, came Into general use. The determination of the density 
of the esrtii by experiments in Harton Colliery will long be remem- 
bered in the North Country. 

Of international as well as national importance was the share he 
took in the lestoration of the standard weights and meaanies lost in 
the conQagTation which destroyed the old Houses of Parliament. 
He took an active part too in the " battle of the gauges," which 
decided the width of railways in this country. Indeed, he may be 
said to have been general adviser on all matters connected with 
acieDce not only to the government but to the whole country. He 
obaerved the total solar eclipse of 1812 in the north of Italy, and 
that of 1851 in Korway. To him astronomy is mainly indebted 
for the famous Eclipse Expedition to Spain in 1860, on which occa- 
sion the troopship " Himalaya " carried out a large party of observers, 
who, scattered along the line of total obscuration, shared in reaping 
perhaps tite richest harvest of results ever secured on one of these 

The best-known books by Sir Qeorge Airy are the Maihemaiieai 
TraeU, Oramtation, and Six Lectures on Agronomy. For the 
Eneyelopadia Metropoltiana he wrote a number of articles, notably 
those on "The Fignre of the Earth " and on "Tides and Waves." 
His contributions to the publications of learned societies were very 
nnmeroos, no less than 242 papers standing under his name in the 
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BoTal Societj'B catalogue^ besidea four papcTS of which he was jmnt 
author. 

In addition to the well-earned honours bestowed on him hy the 
Royal Astronomical Society, of which he was repeatedly PreaideDt^ 
he was elected Pieeident of the Royal Society, and received both a 
Copley and a Royal Medal. He was made a C.B. ia 1871, and a 
E.CB. in the following ^ear. In 1876 he received the Freedom of 
the City of London, and also that of the Compsny of Spectacle 
Makers, the latter honour in acknowledgment of the Eognal manner 
in which he had given a refined development to the Company's 
craft Oxford, Cambridge, and Ediubni^h conferred on him their 
honorary degrees. Of the Royal Society he was President from 
1871 to 1877, and Fellow for nearly sixty years. At the time of 
his death he was by many years the senior Honorary Fellow of tiiis 
Society, having been elected in 1635. Numerous honours came 
to him from abroad, amongst them the Lalande MedaL He wu 
one of the eight Forugn Associates of the French Academy. 

Id 1830 he married Richarda, daughter of the Rev. R. Smith of 
Edensor, by whom he had nine children ; of these, three eons and 
three daughters survived him. Lady Airy died in 1875, almost 
exactly six years before he resigned the poet of Astronomer-Boyal, 
which be did on August 15, 1881, shortly after the completion of 
his eightieth year. The dosing years of his life were spent not fsr 
from the great observatory he had directed for mora than forty-dx 
years. He died on January 2, 1892, from an internal complication, 
the resalt of a fdl. 
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David Davidson. By Gheor^ Barclay, M.A. 
(BMd Jane S, 18B2.) 

The kte Mi David Davidsoa was an Edinbui^h man on both 
aides of the honae, — hia father being tba Rev. Dr Davidson of Muir- 
honae, miniater of the Tron Ghnrch, and hia mother a sister of Lord 
Cockbnm. He waa bom at No. 8 Heriot Row, 20th May 1808, 
and received his early edacation at the High School, completing it 
afterwards in England. Having chosen a bnsiness life as his career, 
he was at the age of 17 "apprenticed" to one of the great Leith 
finna of those days, whoae ofiBces it was a pretty costly favour to be 
admitted to (the "apprentice fee" mnning as high as ;G200 to 
£300), with the reeolt, in Mr Davidson's case, that the " fee " had 
not been paid a couple of ' montha when the great crash of 1825 
occoired, which involved his employers, as well as many other Leith 
firms, in hopeless financial troubles, and eventual ruta. It was a 
\iaxi. school for the young apprentice, but it probably helped to 
give him the quiet self-possession and courage in face of difficultiea 
which characterised him tbrongb life. And there were still harder 
times tb follow. 'Whtle yet in his teens, Mr Davidson started on 
an independent business career; but the shadow of the great 
collapse of 1825 lay heavy over Leith for many years ; his under- 
takings did not prove fortunate, and after struggling on throughout 
the thirties at home, Mr Davidson was led in 1842 to seek a new 
field in Canada. He had married in 1834 Frances, daughter of 
Mr James FiUana, a well-known Leith merchant; with her and 
three children he now sailed, July 1842, for Montreal, where he 
assnmed the man^erahip of the Bank of British North America, 
a poet which he afterwards exchanged for that of the Bank of 
Montreal, remaining at the head of that important institution until 
he was recalled to Edinburgh to take the management of the Bank 
of Scotland Mr Davidson was fortunate in the time of his arrival 
in Canada, and his career there was a pleasant and snccessfiil one 
throughout Montreal fifty years ago vras a veiy different place 
from the great city of to-day. It was a comparatively small 
commnnity and primitive life which Mr Davidson found there in 

VOL. XIX. 29/8/93 U 



...ogle 



X Proceedings of Boyal Society of Edinburgh. 

1842 ; — giving readiei' opportunity for close personal relationi, and 
greater piominence to indiyidual exertions for the commoaveal, 
while the few were still acting aa pioneers to the many that wen to 
follow. In this society Mr DavidsoD soon began to take an active 
part. Id public he interested himself ia many philanthropic, and 
very specially in educational, institutions. With the assistance of 
his uncle, Lord Cockburn, he was the meana of securing for the 
High School of Montreal such a staff of teachers from Scotland aa 
soon raised it to the eminent position as a school which it to Qiis 
day maintains ; and he took a keen interest in the advancement of 
the M'Qill University, now a very important seat of learning in the 
colony. The "Davidson Gold Medal" has for many years been 
the highest prize in the High School of Montreal And in private, 
Mr Davidson found abundant opportunities for the gratification of 
his constant desire to be helpful in alleviating the troubles and pro- 
moting the interests of those around him. It is pleasant to record 
that when, after twenty-seven years' absence, Mr Davidson's death was 
annoanced in Montreal, his son there received the most touching 
proofs bow bis name and memory were, both on public and private 
grouads, still " freshly remembered." There were many who could 
tell of acts of kindness which had been the saving oi making of 
them and theirs ; and there were still some old friends who 
remembered pleasant days in the little summer retreat near the dty, 
which Mr Davidson hod reclaimed from the waste, and with the aid 
of his wife's taste and skill had gradually converted into a little 
paradise of lawn and trees and flowers. No wonder, then, that Mr 
Davidson too always looked back on his twenty years' life in Canada 
with affectionate interest and satisfaction. It came to a close in 
186S, when, as already mentioned, he was recalled to Edinboigh 
to take the management, as " Tieasurei," of the Bank of Scotland. 
Thenceforward, during nearly twenty years, Mr Davidson's 
was a well-known personality in Edinburgh and Edinburgh life. 
Already past middle age, of large frame, strongly-marked features 
(very noticeably resembling Wordsworth's), and leisurely gait, his 
whole bearing was one of quiet dignity, to which his gravely simple 
manner and deliberate low-voiced speech gave additional relief. 
As head of the premier Scotch Bank, and Chairman of the Associated 
Banks, Mr Davidson now devoted himself not only to the Bacceesfal 
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maoagemeiit of the Bank of ScoUand, but abo to forwardiag and 
aafegoardiag the commoa interesta of all the Scotch banks in the 
many qnestions which arose in connection vith the great extension of 
their businesa, including their settlement in London, during the 
period of his tenure of office. And when the great crisia caused by 
the failure of the City of Glasgow Bank occurred in 1876, Mr 
Baridson was able to render such eervice to tfae banks, and to the 
people of Scotland, as should always be gratefully remembered. 
Not altogether taken by aurpriae, Mr Davidaon and bis colleagues 
had made some preparation for the impending crash ; but when it 
did come, in more hideous form than any bad deemed possible, if a 
panic with more widespread disaster waa averted, they who beat 
know the details of those anxious days will probably be the readiest 
to admit, how much it was to the ability, calmness, and courage in 
council of Mr Davidson, that the result was due. The strain, however, 
proved too great for a man of 70. bfr Davidaou's health soon after 
gave way ; and though a holiday of aome months partially lestored it, 
a return to the herd work, and anxiety involved in bank manage- 
ment, was deemed noadvisable, and in 1879 Mr Davidson resigned 
his position as Tressnier of the Bank of Scotland. During his stay 
in Edinburgh, Mr Davidson took little or no part in public matters 
proper ; interesting himself, however, in various concerns of public 
usefulness, specially in " Donaldsou's " and the "Longmore" 
Hospitals, and in the " Walker Trust," in the development of which 
he did yeoman's service. Outeide the bank his only buuness 
interest was in the "North British and Mercantile Insurance Com- 
pany." Of this institution, Mr Davidson had been a Director for 
many years in Edinburgh, and when be now left Scotland and 
settled in London, he was in 1680 elected " Chairman of the 
General Court of Directors," a po«tiun which ha filled with much 
acceptance and worm recognition of bis services to the Company, 
till his death. It gave him sufficient occupation without overwork, 
and had the advantage of bringing him down once a year at least 
to Edinburgh. At Somerset Lodge, Wimbledon, Mr and Mrs 
Davideoc passed the remainder of their days. Mrs Davidson 
though for years an invalid, under the unwearied and utterly self- 
forgetting tendance of her hueband, survived till 23nl Febraary 
1891 ; and it was only after fifty-seven years of married life, that 
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death for a little dme seyeied a nnioa of the moet BingaUr perfect- 
nesa and mutual deTOtian, Hr Davidsna boie the blow after the 
maaoer of luB nature ; seemed as months went by to be even 
somewhat regaining strength and cheerfulneae ; bat the hold of life 
was gone, and a slight chill sufficed to can; hijn {M on the 30th 
October of the same year (1891), with mental powers quite unirn- 
paired, and a physical constitution still vigorons enough to have pro- 
longed his life ander other circumstances for yean to come. Mr 
David^Q was 84 when he died in 1891 ; and as his fath^ wis 
bom in 1745, their joint lives covered the somewhat remark- 
able space of 146 years. Besides his professional acqabe- 
ments in matters of bankii^ and finance, Mr Davidson had a wide- 
spread knowledge of men and things, derived from mach reading as 
well as peTSOual experience, and there weie few subjeete on which 
he could not either converse, or, at least, intelligently eqjoy conver- 
sation. He was never mnch of a sportsman, thongh in early days 
he might be seen among those who eomo sixty years ago followed 
Mr Hepburn's hounds at Karswell, and in Canada he indulged 
in occatdonal fishing excursions, when his friend Dr Campbell, tlte 
well-known physician of Montreal, was his osual companion. But 
after his return to this country, his interest in sport conaisted 
almost entirely In seeing it eigoyed in sununer qnutera by hu aons. 
Mr Davidson's pleasures thtonghoat life were munly those of his 
home — a country home wherever possible. His family affeclioin 
were of the deepest and moet unselfish ; and mora and more aa life 
advanced, he fonnd his happiness in ministering to the happiness of 
his wife and children. Three sons and one daughter survive him. 
Mr Davidson became a member of the Soyal Society of £dinbni:gh 
in 1867. 
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John XnffliB, Prendent of the Court of Session and JuBtice^enenl 
of the Court of Joaticiaiy. By^^hieaa J. Or. Maokay, Eaq., 
Sheriff of Fife and Einroas. 

{Bead Ja]y 18, 1862.) 

John loglii was bora in George Square, Edinburgh, on 21st Anguat 
1810, and died at Loganbauk, in the paiisb of Qlencoree, Mid- 
lothian, on 20th August 1891, a day before the completion of bis 
eighty-first year. He was the yonngest of four eons of the 
Beverend Hi John Inglis, the successor of Principal Bobertaon, the 
historian, as minister of Old Qreyfriare' Church. The eldest was 
Harry Inglis, Writer to the Signet, between whom and John the 
fntemal bond was strengthened by mutual good offices and a closer 
intimacy, both in earlier and later life, than often falls to the lot 
of brothers. Their mother was Maria Moxham, daaghter of 
Abraham Pasemare of Rolls Farm, Dsvon, who again brought 
English blood into a family, the name of which indicates a remote 
English, probably Border, origin. His paternal grandfather was 
Hairy In^ie, minister of Forteviot, in Perthshire — a county in 
which his father had been minister of Tibbermore before his 
appointment to Old Greyfriaia'. While certain traits in his char- 
acter may be traced to the English connection on the mother's side, 
and his education at Oxford, he continued through life a patriotic 
Scotchman, and a devoted member of the Scottish Presbyterian 
Church by law eetablished. In its Assemblies his father was the 
chief leader of the Moderate Party, and be wu reckoned one of 
the three bast preachers of his time in Scothmd, and it was the 
time of Chalmers. Allowing for the difference between the 
eloquence of the Assembly and Pulpit, and that of the Bar and 
Bench, the style of the son had a strong family likeness to that 
of his father. Both were distinguished by cogent reasoning, and 
&cile, apt, and forcible espresaion ; and aa these were the pro- 
duct of Nature rathei than Ait, it may be inferred that the style 
indicated a aimilarity of character which might alao be traced in 
the massive featorea he inherited from his father. Both were felt 
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to be, B8 aocm aa seen, to use a pliraae of Dr Chalmers, "men of 
weight," 

He was educated at the High School of Edinburgh dariDg the 
n-ctoiship of Di Carson, a learned scholar, and in the class of Mr Ben- 
jamin Mackay, who is described hy his pupils as a practical Scottish 
schoolmaster of the best kind — intelligent, accurate, and thorough. 
Several of bis class-fellows still happily survive, two of whom — 
Lord MoncreifT, the competitor of Inglis at the Bar and his friend 
on the Bench, and Sir Douglas Maclagan — held the office of Presfdent 
of the Royal Society, which was offered to, and declined by, Inglis 
for reasons afterwards noticed. From the High School he went to 
the University of Glasgow, where the lectures of Sir Daniel Sand- 
ford gave him a taste for literature in its best models — the classical 
authors of Greece. "I can never foiget," he said many years after, 
when addressing the students of that TTniversity as their Kector, 
" with what delight I listened to the prelections of Sandfoid, whose 
reading of Greek poetry conveyed to the hearer the highest inteHectoal 
pleasure." In him, as in others, the living voice of the teacher 
wakened the intellect, and by the pleasure it gave evoked the taste 
for study and the study of good taste. 

Having been elected to an exhibition on the foundation of 
Ur Snell, he matricuhited at Balliol College, Oxford, in IS30, 
graduated as B.A. in 1834, and as M.A. in 1836. He did not 
obtain high academic honours, and was placed in the thiid class 
in the Classical School two years after Mr Gladstone and the same 
year in which Lord Selbome took degrees which more certainly 
indicated their future eminence. 

He had entered probably with more test into the social than the 
learned life of Oxford, but his ability, especially in argnment, was 
recognised by his contemporaries. That he had not been a car«leea 
spectator of the University in all ita bearings, was shown by his 
grasp of the principles of University education and accurate know- 
ledge of the difierence between the English and Scottish systems, 
with their respective merits and deficiencies, when called on to 
legislate for the Scottish Universities, and act as Chancellor of t^t 
of Edinburgh, But it was the profession be chose which first gave 
scope to his mental powers. 

In 1835 he was admitted a member of the Faculty of Advocates. 



Obituary Notices. xv 

For a tew yearfi. his success in the profeHsion, which at that time 
had perhaps as many good lawyers as at any period before oi since, 
was not rapid ; but soon after the year 1842, when he distinguished 
himself as junior counsel for Mr Nelson in the Hot Blaat Patent Case, 
his advance to the highest position at the Scottish Bar was assured. 
The successful defence of Madeleine Smith in 18G7, towards the end 
of his career at the Bar, did not create his reputation as an advo- 
cate, bat extended it from the select circle interested in civil law- 
suits to the larger public which watchea a cause e&ibre in the criminal 
courts. In 1841 he married a daughter of Lord Wood, a judge of 
the Court of Session, who predeceased him, leaving two sons, Mr 
Alexander Wood Inglis, Secretary of the Board of Manufactures, 
and Mr Herbert Maxwell Inglis, W.S. In 1844 he became Advocate- 
Depute, in February 18G2 Solicitor-General, and three months later 
Lord Advocate in the administration of Lord Derby. This early 
promotion was due to his position at the Bar u much as or more than 
to his attachment t« the Conservative party. By mental constita- 
tioD, OS well as the time and circumstances of his biitb, education, 
and profession, a Tory or Cooservative of a type now almost extinct, 
he was a lawyer first and a politician afterwards. 

Outside of the sphere of party, his opinions on political and 
social, as well as other subjects, might perhaps be best described 
as Liberal-Canservative, a term then current, though now rarely 
used. In November 1863 he ceased to be Lord Advocate on the 
resignation of Lord Derby. He was soon after elected Dean of 
the Faculty of Advocates, an office he held till 1858, and prized as 
the fiee and unanimous choice of his professional brethien. He 
described its duties in his farewell letter in the appropriate language 
which marked his speech and writing: — "My constant desire and 
earnest endeavour has been to render the office practically available 
for the purposes which it is intended to servo ; to induce unity of 
sentiment and action within the Faculty : to maintain its privileges 
and independence ; to secure a scrupulous observance of the rules of 
profeeaional propriety ; to promote that social harmony for which 
tlie Scottish Bar has been distinguished ; to advance the reputation 
of the Faculty as a learned Society and a national institution ; to 
encourage by all legitimate means tlie cultivation of learning and 
scholar-like accomplishmente. 
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" To the efficient adminutntion of Joetice, not even the parity 
of the Bench is more lequisite than tlie indepeadeace and iutogrity 
of the Bar." 

This is not the place to enlarge on his character as an adTOCate ; 
but it may be proper to mention, as the law occnined the largeat 
share of his life, that his knowledge and practice embraced every 
depaitment — CirU, Criimnal, and Ecclesiastical ; the conduct of Jury 
Trials; the examination of witneeee^ which woe eldct but never 
rude, and knew when to leave off as well as bow to beg^n ; the com- 
position of written pleadings (in his time still in frequent use), 
and the delivery of oral arguments, in which he was equally 
able in the statement of the case and in reply. His distinctive 
excelleace as a pleader was concise, clear, logical, and dispassionate 
reasoning. It is almoat impertinent to lay that he never used 
the artifices which the satirist and the playvright sometimes 
associate with successful advocacy. But he scrupulously abstained 
even from the arts of the rhetorician, which few Hpeakers in public 
altogether avoid. Sound sense, grasp of principle, accuracy in 
detail, ready memoryj and practical as distinguished from schol- 
astic logic, orderly arrangement, and an apt choice of words, were 
the quohtiea he cultivated and matured by constant industry and a 
wide experience of men and business. 

In 1858 he became Lord Advocate for the second time. On the 
death of Lord Justice-Clerk Hope in the summer of that year, he 
was promoted to the Presidency of the Second Division of the Court 
of SeBsion, and on Lord Colonsay's appointment as the Scottish 
legal member at the House of Lords in 1867, he became President 
of that Court, and Justice-Qeneml of the Court of Justiciary, officca 
which he held till his death. He had thus the long judicial experi- 
ence of thirty-three years, daring which he gained and held the 
complete coufideuce of the whole legal profession, of the public, 
and, so far as is possible, of the parties to litigation, by assiduous 
attention to the duties of his of&ce, and the ability and fairness of 
his judgments. 

From what liEis been said of his character as an advocate it almost 
follows that he was still more eminent as a judge. Though not free 
on certain points from strong convictions, which appeared to those 
who did not share them strong pr^udicea, the chief characteristic of his 
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mind was impartiality, coDstantly directed to the exact aacertunment 
of facts, and tlie application of the piinciplea of justice to the facte 
aacartained. For his judicial merit it is sufficient to refer to the 
eetimate contdbuted by a lawyer who had long practised before him, 
and became his coUeagoe, Lord U'Laren, to the Juridical Seview, a 
pufalicatioD in whoee saccesa the late Lord Fresideat showed the 
iuteiest he felt in every effort to maintaia and extend the reputation 
of Scottish Jurisprudence. 

Second only to his serrices to the I<aw, and possibly more 
inteiesting to the learned Society at whose request this notice ia 
written, wen those he rendered to University Education in Scotland. 
The accidents of party politics gave htm a short experience of Pvlia- 
mentary and London life, and preserved unimpaired his genuine 
Scottish patriotism. He aat tor the bntgh cd Stamford only from 2nd 
March to I3th July 1858. He did not travel much, and his life was 
practically spent in Edinburgh and hie coontry-eeat of Glencorse in 
its immediate neighbouihoctd, with occasional visits to other parte 
of Scotland for sport or golf, his favourite amosemente. 

But it was bis and their good fortune that be carried dnring his 
brief Farliamenlary career the Act for the Reform of the Scottish 
Universities. While largely indebted to the preparatory labours of 
other University Rdormers, chiefly members of his own profession, 
amongst whom may be named Lord Uoncteiff, Mr Edward Maitland 
(Lord Barcaple), Professor Lorimer, and Mr Francis BusseU, in its 
final form this Act was the fruit of his [practical sagacity and 
pmdence. 

It was a furtlier favour of Providence that the author of the Act 
presided over the Commission, and brought it into operation by a 
series of Ordinances, which dealt with almost every branch of Uni- 
versity Education and Administration. 

His hand may be specially traced in those relating to Fiuanoe, 
where he had to solve the problems of making the best of too 
deuder endowments, and to the development of the Faculty of 
Law, in which he had to make the most of a too scanty pro- 
fessoriate, and to attach by graduation a claaa of students to the 
University where they had hitherto been oftea little more than 
casoal visitors. 

While Pean of Faculty, aided by several of his brethren, and in 
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particular by Mr Patrick Fiaser, afterwards a judge, he did mudi 
to rabe the atandard of the education of the Bar, and to prewire 
the high reputation of the Advocatea' Library, a pTofessiocal, which 
had alrooet become a national, iastitution without extraneous ud, 
and in spite of the discouragement of more than one ministry. As 
a University Reformer he kept in view all the Facultiea, tbor 
mutual relations, their scientific not less than practical value, and 
controlled the natural tendency of profeason to euppoee thur own 
subjects paramount. His mind sought as if by natural instinct the dne 
proportion of things, and an unezaggerated expression of thonghta. 
He laid great stress on the vital importance to the Scottish UDlTer- 
sity of the choice of the best professors, by placing the patronage in 
honest, firm, and discriminating hands, preferring for this purpoae a 
Board of Curators to either Municipal or Government PatronBg^ 
and to leave to professors eo chosen a wide liberty in the conduct of 
their special studies. But he insisted not less on what he called 
the great principle, that the " professors were made for the students, 
and not the students for the professors." He recognised the 
utility of eztra-profeasorial, or, aa it was commonly called, extra- 
mural teaching, which had contributed much to the credit of the 
Medical School in Edinburgh, but he doubted whether it was 
applicable to the smaller Universities or to the FaculUes of Theohigy 
and Law, or even to Arts, until the professoriate was better endowed. 
In this, as in other points, he preferred slow and sure to rapid or 
experimental changes, and proved that the equal balance of his 
mind was not confined to the administration of justice. He wu 
elected to the Rectorship of King's College, Aberdeen, in 1S57, 
of Glasgow Untveraity in 1865, and to the Chancellorahip of Edin- 
burgh in 1869, an office which ho held till his death, and in which 
he represented the University, at the celebration of its Tercentenary, 
to the learned world with the same dignity which marked his 
performance of the annual duty of conferring degrees. 

These appointments proved the recognition of his services by the 
students as well as the graduates of the Scottish Univernties. In 
1856 he was created Doctor of Laws of the University of Edinburgbi 
and in the following year D.C.L of the University of Oxford, and 
a member of the Privy Council It is believed that he declined a 
Peerage, and it is certain that he mighty htul he wished, have becoma 
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a legal member of the Honu of Lords. But, " content to live where 
life began," he felt that Scotland was hia home, and the Preaidenc; 
of its Supreme Coarts the sphere in which he could beat serre his 
conntry. Before the centripetal force of London and other large cities 
vaa generally acknowledged to be a national risk, and before decen- 
tralisatioD had become a popular opinion, he proved by a practical 
example the Talae, not [nerely to the locality bat to the nation, 
of the local application of talents in their kind of the highest order. 
In 1676 he was appointed Chairman of the Commission of In- 
quiry with regard to the Scottish Universities, which collected much 
nsefnl information, though its recommendations, too largely inflo' 
enced by the members who represented Physical Science and nnder- 
eatimated the value of Mental Philoeophy, Language, and the Arts, 
did not meet with the general approval of Scottish Educational 
Befonners, and do not bear the stamp of the mind of the Chairman 
like the practical meaanres of the former executive Commission. His 
capacity lay rather in sifting and carrying out than in originating or 
advocating reforms. As Chairman of the Association for the Better 
Endowment of the University of Edinburgh, his position enabled him 
to direct public atteution to a source of weakness in the Scottish Uni- 
versities, which possess neither the ancient foundations of the English, 
nor the liberal support of Qovernment enjoyed by Continental, 
American, and Colonial Universities, to enable them to fulfil their 
functions as Xational InstitutioUB for the benefit of all classes in Scot- 
land, as well as of English, Indian, and Colonial Students, who resort 
to them, attracted by the repatation of their professors and the prac- 
tical and cosmopolitan character of their methods of stndy. He was a 
regnlar attendant of the meetings of the Board of Manufactures, and 
was able to show that something might be done, even with the scanty 
funds grudgingly allowed to Scotland, for the promotion of the Fine 
Arts, in which he took the interest of an intelligent amateur. The 
history of Scotland specially engaged his attention ; and the Scottish 
Text Society, originated by Br Or^or of Pitsligo, for the preser- 
vation and publication of its early and characteristic language 
and literature, — strangely neglected by Scotchmen in spite of the 
efforts of Pinkerton and Chalmers, Sir Walter Scott, Irving, and 
Laing, nntal its linguistic value was pointed out by indefatigable 
Oerman students, — found in him not merely an ornamental bead but 
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an active Bupporter. Hia own oontdbutioiu to literature were fev, 
and spctrt from oocuiooal qieechee in the audemk offices he held, 
faia publiihed works vera limited to two eeaajB in Blaekuoodlt 
Hagasme, one on " The Fieaent Poaition of the Church of Booi- 
laod," the other oo " Montrose and the CovenuiteiB of 1638 ; " an 
addruH to the Juridical Society af Edinburgh on " The Scottish 
Lawyers of the 17th Century ; " and an Antiquarian Note on the 
name of the parish of Glenoorae, when offiual tgooraooe proposed 
to alter it to Oleacrofia. It waa the opinion t^ qualified jat^^ea that 
he might have distinguished himself ss an historical writer, and in 
particnlar that he might have writtea better than an7 lawyer of his 
time a History of the Law of Scotland, a teak te which he incited, 
ss yet without reeult, the membeia of the Juridical Society. When 
written, many elncidationa of it will be derived from hia judgments 
Bat he knew best where his strength lay : in practical acticu ratiiar 
than philosophic specuUtion, in judicial rather than literary com- 
position. Lord U'Laren has noted, in the paper already referred 
to, that he set the example of a new and better style of jodicisl 
expression than had been commou in the judgments of the Scottish 
Bench. 

Some other directions of his activity, mote of a private or semi- 
private than a public kind, most be omitted from a notice too short 
to convey an adequate oonception of his character, but loDg« than 
the purpose for which it has been written perhaps justifies ; yet it 
cauDot be concluded without referring to the circumstanees of his 
connection with the Eoyal Society of Edinbuigh, which were those 
of a loyal suppwteT and steadfast friend, but neither of a contribntor 
to nor an auditor of ita proceedings. 

On 5th February 18S5, when Dean of Faculty, he was elected a 
Fellow of the Society. After the death of Professor Kelland, its 
President, on 7th May 1879, a meeting of the Council was held on 
31et October to deeiguate a successor, when it was stated that there 
was "a strong feeling among many of the FellowB that the next 
President should be a man of letters — the Society having been 
instituted for the promotion of literature as well as science." The 
name of the Lord Justice-General was unanimously adopted, and Sir 
Bobert Ghristison and Profeasor Douglas Madron were deputed to 
obtain his consent In a letter, dated 3id November 1879> dedioing 
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Ae nomination, ha wrote : — " I need haidlj sbj that I reganl tbe 
appointment of Fretident of that Society (the Royal Society of Edin- 
bnrgb) as one of the greatest honoun that can be heatowed on any 
Scotchman in Scotland, and I therefore appreciate the kindnaaa of 
the Society in proposing to place me in a position of such importance. 
But I cannot help feeling, and the feeling growB Btrongei the longer 
I consider the matter, that it is a position for which I am in no way 
adequately qualified. Though a Fellow of the Royal Society, I hare 
never hitherto token any part in its proceedings, and at my time of 
life, with my judicial work, I cannot look forward to do so in the 
fotore. This might he of less importance if I wei% personally 
distii^ished either by scientific acquirements or literary work. 
Bnt you know as well as I do that of physical science I know next 
to nothing, and that a laborione professional life has left me no time 
for courting the Muses." 

In a similar modest spirit, and with the knowledge of himself 
which has been deemed not the least difficult attainment of a philo- 
sopher, when solicited by a literary society to deliver a lecture he 
replied to its representatives : — " Do you know, gentlemen, that I 
have actually ventured to write my own epitaph, and that it runs, 
'Here lies a man who has never given a lecture.'" 

Altbongh he did not take part in the proceedings of the Boyal 
Society, the letter quoted shows his sense of its importance to the 
intellectnal life of Scotland, and as an instrument for the advance of 
knowledge. He gave the Society the benefit of his influence in 
piocoring an extension of its rooms, and a few weeks before hia 
death visited its pramiseB to inform himself how the much-needed 
space could be secured for its rapidly-increasing scientific library. 
Without being the least of a bookish man, he had a keen interest in 
libiaiies, and in rare and good books. So, without beii^; either a 
scientific or a literary man, he appreciated and, on proper occa- 
uotts, expressed his appreciation of the inventions and discoveries 
which during hia lifetime enlaiged the bounds of the physical or 
material sciences, as well as of the contributions to literature and 
philosophy, which have combined to make the Victorian as marked 
an era as the Elizabethan in the annals of thought. At a time 
when there was a risk that the absorbing cares of professional 
and mei^»ntile pursuits and the rapid acquisition of wealth might 
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lowar the reputation of Scotland as a conntry, knowing the valne 
of science and literature, snch an example in the head of a ptofeo- 
aion, sometimes tempted to sink its character as a learned Coipora- 
tion created for the admiaJstratioa of justice in that of an interesting 
and lucrative business, may peiiiaps be deemed an onwritten contii- 
bution to one of the objects for which the Boyol Society exists 
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Alexander Forbes Irvine of Drum. By Sheriff tineas 
Maokay. 

(Read Jaaaar; 30, ISaS.) 

Alexander Forbes Irvine of Drum, Advocate, twice a Vice-I^ 
sident of tke Royal Society, wan bom on I8th February 1818 at 
Scbivas, and died at Drum Castlo in Aberdeenshire on 4th April 
1892. Aa an example of a country gentleman and lawyer, who had 
a genuine interest in science and literature, it has been thought that 
his life merits a fuller notice than the President could afford to give 
in his account of the many losses the Society suffered during the 
past year. But I have accepted the invitation of the Council to 
write it with diffidence, knowing how difGcult it is to express in 
words characteristics which impressed all with whom Mr Irvine 
came in contact, yet were as delicate as they were rare during the 
period in which he lived. It might be hard to End in the long list 
of present Fellows of the Society one who, in the same position, 
possessed the same qualities. It would be easier to discover a 
parallel in the seventeenth or eighteenth century amongst the mem- 
bers of the circles of Scott of Scottetarvet, or Gordon of Stralocb, of 
Clerk of Penicuik, Lord Monboddo, or Lord Hailes, than in a 
time during which, in Scotland, intellectual, other than agrestic or 
forensic, tastes have too seldom been combined with the ownership 
of land or the profession of law. 

Mr Irvine was the eldest son of Alexander Irvine of Drum, who 
died in 1861, and of Maigaret, daughter of James Hamilton, a. 
descendant of the Hamiltons of Little Earnick. The family he 
represented originally sprang from the strong Border stock of the 
Irvines of Boushaw in Annandale. William de Irvine migrated to 
Aberdeenshire in the reign of Robert the Bruce. In that county 
the same family has held for more than five centuries and a half 
the estate of Drum, which derives its name from the ridge or rising 
ground on the north side of the Dee, about eleven miles from Aber- 
deen. The founder of the Aberdeenshire branch, William de 
Irvine, was, according to a tradition both of Annandale and Dee- 
side, the son of a vassal of the Lords of Annandale, who served as 
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armour-bearer and eecretaiy of Bobert the Bruce. He may bave 
been the derk vho, in Barbonr'a poeiu, rode along with bia maater 
from the Engliah Coort in London to Lochmaben, which they 
reached on the fifth day. According to another cherished tradition 
of the family, he goarded Brnce during one of the perilous passages 
of his life, when he Blept under a hoUybusb in the Forest of Bnun. 
These and other seiriceB were rewarded by the charter in 1523 of 
the estate of Drum in free forestry, followed next year by a Charter 
converting the Estate into a barony, both of which still exist amongst 
the muniments of Drum. The arms of the family origihally, or at 
least iu As oldest form known, as given in Sir David Lyndsay's 
Begister, three holly leaves vert on a field argent, with holly leaves 
for the crest, and the motto, " Sab sole snb umbra virens," give 
some corroboration to the tatter tradition. The Chamberlain Rolls 
of 1329 prove that William de Irvine was Qerk of the Bolls in 
that year — a man of law and letters as well as of arms. 

The subject of this notice was the twentieth in descent from the 
comrade of Bruce, and is said to have been also the twentieth head 
of the family who bore the name of Alexander. 

Another ancestor, " the strong nndoubted Laird of Drum," died 
fighting with Maclean of Dnart for the king against the Highland 
host at the Battle of the Harlaw : — 

" Glide Sir Aleiander Irvine, 
The much renontied Laird of Dram, 

None in hia diya ma better seen 
Whea they were sembllt all lud snm. 

" To praise him tre sold not be damm 

For valoar, witt, and worthinna. 

To sad hia daja hs there did come, 

Qohoia rauaem ia remeidjleaa." 

— Ballad oftki BattU qf Sarlavi, Stanzsa xxxix., iL 

His son received a gnnt about the year 1420 from the Abbot of 
Arbroath of the lands of Forglinn and the custody of the Breach 
Bannoch, which entailed the duty of leading the vassaU of the Abbey 
when summoned to the royal host. This venerable relic was a 
casket or reliquary — perhaps that still preserved at Monymnsk by a 
family whose predecessors at one period held the office of its 
custodier. It was believed to contain a fragment of the last earthly 
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garment wom b; St Colnmbo, whidi was thonght, long after bis 
death, to be the omen and pledge of victory, by preserving some of 
the aaint'B miraenlous virtne. [Biahop Reevea gives a notice of the 
Breseh Bannocb in his edition of Bishop Adamnan's Life of St 
Columba, and it is figured in Dr Joseph Anderscm'B Scotland in Eariy 
Christian Tiiaee.] This Sir Alexander Irvine was one irf the hoetc^ee 
for the ransom of JamoB L It was ha who built Dram'a Aisle or 
Chantt; in the cbnrah of St NiohoUa, Aberdeen, where the brass 
effigies and brief epitaphs of " Honorabilis et fsmoeus miles domjnus 
Alexander de Irwin," and his wife, "Nobilis domina Elisabeth de 
Keth militis mareeoalli Scotiie filia," still remain, though the " Hio 
■ab lata aepiiltura jaoet " bss been falsified by their removal from 
the aite of the tomb to the wall of the church. 

Another Sir Alexander, in the reign of Jamee IV. and James T., 
held die office of Sheriff of Aberdcsnahire, and appears in the Ex- 
chequer Bolls as Crown Beceiver for Kintore, Caul, and O'Keil. 
His fon took port in the defence of Scotland against Henry VIII., 
and lost his eldest son at the Battle of Pinkie. 

Three otbw Lairds of Drum deserve a passing notice even in ttte 
brief genealogical reference which each a notice as the present 
permila. Sir Alexander Irvine oi the time of Jamee L's English 
reign and the commencement of that of Charles L is described by 
Sir Samuel Forbes, writing in 1715, as " that Laird of Dmm, who 
lived in oar grand&tthets' times, for bis benignity and ample bonnty 
to the poor, deserves to be remembered and praised. He lived 
decently, was a plain man, nicknamed Little Breeches, increased in 
wealth, bequeathed lands for maintenance of poor widows, poor 
maids, and for the edacation of several children at school, and of 
young men to be tanght philosophy and theology." Neither the 
pious founder nor bis panegyrist probably contemplated bow ample 
this bounty was to become. Let us hope the borsars of Aberdeen 
blcM the memory of " Little Breeches." 

His son and successor was appointed Sheriff of Aberdeenshire by 
Charles L and sufTered much in the troubles of the civil war and 
ecclesiastical revolution. Drum Castle was taken in his absence by 
General Monro, who granted to the Lady Dram, its defender, that 
the garrison might retire with the honours of war. The forces of 
the Covenant for a considerable time garrisoned Drum, lived on the 
VOL. ziz. SS/3/S3. z 
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estate, and plundered the castle. The laird himself was more than 
once fined and imprisoned on account of his lo)ralt7 and refusal to 
swear to the Covenant For his contomacy and his appeal to the 
civil power in the pereon of Overton, one of Cromwell's colonels, he 
was excommnnicated by the Presbytery of Aberdeen. In his pro- 
test against their sentence, he declared " that he separated himself 
" from the discipline of Presbytery — in particular that of Aberdeen — 
" as a haman invention, destructive to the civil peace of Christians, 
" and that he intended, by the aid of God, to walk and live in snch a 
" Christian way as is conform to the Divine will in the sacred Word." 
Whitelock in his Memorials reports "that letters had come from 
"Scotland that the ministers of Scotland inflame the people against 
"England, and damn all their brethren and people who are not of 
" their opinion, oaA that the Laird of Drum had bid them defiance^" 
The first wife of this laird waa Lady Mary Gordon, daughter of 
Lord Huntly; his second was Mary Coutta, the "shepherd's danghter" 
of the ballad of "The Lurd of Dram," who, when his kinsmen 
would not bid her welcome, and the laird gave her the somewhat 
halting consolation — 

" Te shall be cook in my kitohen, 
Batler in my ha', 0, 
Ye aholl be ladj to my (Mimmand 
When 1 ride fsr away, 0." 

replied with the spirit and plain speech of a Scottish wife — 

" But 1 told ye afore we w«ra wed 
I was ower low for thee, 0." 



" An I were deid and ye were deid, 
And baith in a grave laid, 0, 
And ye and I were tena np again, 
WliB could ken joor monlda tn mine, O." 

Something in the name of Irvine, as in that of Yarrow, seema to 
have attracted the ballad writer, and the heroine of the far finer song 
of " Helen of Kirkconnel Lea" was of the race of the Irvinea of 
the Border. It was, indeed, a name which, in one or other of its 
forme of Irvine, Irwin, and Irving, spread wide as well as took 
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deep toot ; and thia may hare helped to ita welcome bji the popular 
voice. Beeides the origiaal atem of Bonehav and the branch of 
Dinm, the aame is found in Dumbartorubire, Forfarshire, and other 
Scottish counties. The Irwina of Roacommon, Cromwellian eettleis, 
claim deacent from the family of Drum ; and the firat great writer 
of the United Statea, proud that be united the name of Waahington 
with that of Irvine, aent an engraving of bia portrait to the Laird of 
Drum, in token of hia belief that his Scottiah blood waa derived 
from tbe aame aource. 

The aon of Charlea I. 'a sheriff, aa faithful a royaliat and atrenuouB 
an anti-CoTenantei aa hie father, waa aenteoced to death for hia 
principles, bnt eacaped execution by the victory of Montrose at 
Kilsyth. After tbe Reatoration he decliaed a pai«&t of nobility as 
Earl of Aberdeen, which bad been offered to hia father by Charles 
L, because tbe patent could oot be made at tbe date of the offer. 

The memories of such a name and ancestry cluatering round the 
old tower, the ruined chapel, and the ancient Forest of Drum, could 
acarcaly fail to tranamit a taste for Scottish history, muaic, and song, 
and an attachment to Conaervative principlea and Episcopal and 
anti-Covenanting tenets. Nor will other traits in the character of 
his forebears, which with this view have been glanced at iu tbe 
foregoing aketch, be found wanting in tbe subject of the preaent 
notice, as in a gallery of family pictures we are aometiroee struck 
by the recurrence of the same features in a feudal baiou, a cavalier, 
and a modem gentleman. 

Mr Irvine was educated at home under a tutor, and afterwards at 
Uarischal College, Abwdeen. During or shortly after completing 
his collegiate course, he came into contact with a group of men 
almoet contemporaries, but most of them a little older than himself, 
who were destined to extend the credit of the town and county of 
Barbour, Boece, and Spalding, as the moat fertile seed-plot in 
Scotland for historical talent ; Hill Burton, the critical, yet vigorous, 
biatorian of Scotland ; Dr Grub, the exact annaliat of the Episcopal 
Church ; John Stuart and Joseph Robertson, the two moat thorough 
students of Scottish records in their tima With three other Aber- 
donians, who acquired honourable fame in the aame field, he had 
early opportunities of intercouree — Mr Cosmo Innea, aon of the 
neighbouring Laird of Durris, who became the Professor of History 
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in the Univenitj of Edinbutgh, uid editor of the Acta of Failu- 
meat, comtiiBiiced by Tbomwi Thonuoo, and of mora chBrtolarin 
than any man of bia time ; Mr William Forbes Skene, the hiatoriui 
of Celtic Scotland, son of the Laird of Rubbislaw, near Aberdeen ; 
and Mr Qeorge Bomet, a younger son of the Laird of Kemnaj, 
one of the worthiest Bnccessora of Sir David Lindsay in the office of 
Lyon. Though he did not become, like these scholars, an historic^ 
author. Mi Irvine shared their taste for antiqoitiee, eepecially 
eccleaiastica! and architectural, for books, especially thoee on history 
and law, and for literature, as one of the pleasures and omamenta 
of life. With Stuart, his connection by mairiage, and Robertson, 
his associate by affinity of opinions and tastes, he was on temu 
of intimate friendship. When a happy selection transferred 
Robertson from the editor's desk to the table of the Historical 
Curator in the Register House in Edinburgh, his friendship with Mr 
Irvine was cemented by mure frequent intercourse. For many years, 
until shortly before Robertson's death, they were companions in a 
Sunday walk to the chapel of Roslin or of Dalkeith, refreshing their 
bodies by exercise after the week's work, their minds by congenial 
coaversatioo, and their spirits by common wotsbip. To the end of 
bis life Mr Irvine was a great walker, and, following a Scottish 
habil^ took when alone a book as his companion, generally a volume 
of the classics. Although not an editor, through innate modesty, 
he was an early member of the Spalding Club of Aberdeen, which, 
unlike the Bannstyne, Maitland, and Abbotsford Clalw, did not 
merely print rare and valuable materials for history, but advanced 
that branch of knowledge by such works as the prefaces to Stewart^s 
edition of the Book of Deer and The Scuipfured Stonea of Scot- 
land, Robertson's admirably arranged Coileetton of tie Beeards 
of the County of Aberdeen, Innee'a Memoriaia of King'a College 
and Begister of the Biahopi of Aberdeen, and Grab's edition 
of the Ecn^y Eedeaiaetkal Hiatory of Father Innea. He took part 
at a later period in the foundation of the New Spalding Club, which 
is now diligently gathering the fragments left by an oUer and mora 
historical generation. 

When Mr Irvine came to Edinburgh he devoted himself chiefly 
to Mathematics and Physics, and was urged by Professor James 
Forbes to continue them at the TJniveisity of Cambridge. He had 
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thoQglit of tbe profesuos of Civil Engiaeering, bat, yielding to his 
father's wish, catered on the study of Law, attended the lectures of 
that Faculty, and wrote in the chamberH of a Writer to the Signet 
He passed as an Advocate in 1843, and while he never eqjoyed 
much practice at the bar, took a lively interest and possewed a 
aoond knowledge in several departments of the Law. He wae 
proud of and devoted to his profession, and auppotted by a modest 
estimate of his own talents, he did not, like so many, quit its ranks, 
but continued the study of the law in those branches which interested 
him most. He acquired what was then becoming rare, and has since 
become rarer, a considerable knowledge of Roman Law, and hia ecclesi- 
astical Bympathies encouraged him to study its rival and successor, 
the Canon I^w, whose remoteness from modern practice has led 
to its almost total neglect by Scotliah lawyers, although some know- 
ledge of it is necessary to an accurate acquaintance with the history 
and meaning of several parte of their own jurtsprndeDce. The 
criminal law had always an attractian for him, and he edited several 
Tolnnies of the Justiciary Beports, as welt as a separat« report of the 
trial of Madeline Smith ; but after the apprenticeship of drcoit, he 
did not practise in tbe Criminal Courts. 

Though not naturally inclined to suthorship, be wrote a book on 
the Game Laws with an elegance not common in legal literature. 
He also wrote several reviews for Mr Joseph Robertson, when editor 
of the Courant, on Art, Poindag, Music, and Italian Literature, 
a language he knew well and enjoyed. He was appointed to 
the principal clerkship of the Justiciary Court in 1867, and to the 
sherifisbip of Argyle in 1871, and he discharged the duties of both 
offices with assiduity and conscientiousness, resigning the latter 
when the advance of age warned him that it was time to restrict 
his work. 

As sheriff he was caUed upon to act in one of tbe varied (bnt for- 
tunately rare) functions of that ofGce, and led with discretion and 
snccess the naval and military force in the expedition to Tyree, 
where the law had been defied, and required to apply its ultimate 
sanction. In another ordinary, and mora agreeable, portion of a 
sherifi'e dutiea — tbe business of the Board of Northern lights — he 
took great interest. He was constant in attendance at the meetings 
of that Board, as well as of tbe Board of Fialierie^ and was rarely 
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absent from the annual tour of the Committee for the Inspection of 
the Scottish Lighthoueee. On the death of Hfr James Crichton, 
Sheriff of the Lothiane, he was unanimously chosen by hia brethren 
Vic&Dean of the Faculty of Advocates. He uevet restricted him- 
Bel£ jealously to his profession, as is now deemed by some lawyers 
indiepcnsable to success in the profession of an advocate. He pre- 
ferred the example of those who have thought that a profession 
catling itself liberal and learned, warrants, and even requires, the 
continoancB in manhood of tha liberal studies of youth. He was 
diBtinguished by the variety of his tastes, and the catholic spirit 
with which he cultivated them. If this variety prevented the attain- 
ment of excellence in any single subject, it at least saved him from 
the prejudices and bigotry sometimes associated with more concen- 
trated intellects. An amateur in astronomy and physical science, 
he used to recall with pleasure that, through his acquaintance with 
Mrs Somerrille, he had the good fortune to be present at the memor- 
able dinner given to Sir John Heischell in 1836, when that philo- 
sopher returned after his splendid observations at the Cape of Good 
Hope. In later years he was a frequent visitor at the observatory at 
Dunecht, where his friends and neighbonrs, the late and present Earls 
of Crawford, uded by Professor Copelaud and other astronomers, were 
advancing a science too much neglected in Scotland since the days 
when George Buchanan celebrated the triumphs, and James VL 
visited the observatory of Tycho Brah4. He was one of the pro- 
fessional gentlemen of Edinburgh who invited Professor Tait to 
give lectnree to them and their friends on the latest wonders of 
physical science. But he did not, like some students of physics, 
despise mental philosophy, or, like some lawyers, the philosophy of 
law, of which his friend, Professor Lorimer, was almost the solitary 
representative at this period in Great Britain. 

Mr Irvine was by conviction, as well as by hereditary preposswsion, 
a Scottish High Churchman, and he took a deep interest in the theo- 
logical and liturgical studies of Bishop Forbes of Brechin, one of the 
most valued of an unusually large circle of friends. But this did 
not prevent him from sympathising with the valiant stand made by 
Mr Robertson Smith for freedom in linguistic and historical science 
as applied to biblical criticism, when that scholar was opposed by 
the conservative forces of all the churches, and deprived of the 
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professonUp of Hebrew at the Free Chnrch College, Aberdeen, by 
the policy then followed, but aince modified oi abandoned by the 
leaders of the Tree Church. 

He had a warm appreciation of the Fine Arte, of which one of fats 
gnnd-ancles had been an early connoisseur, and of classical as well 
as Scottish music, and also of the old and too often forgotten classics 
of the Scottish language. Along with the late Lord Justice-General 
Inglis, he was one of the few lawyeis who promoted the Scottish 
Text Society, founded by Dr Gregor of Pitaligo, and supported by 
FrofesBor Masson, both Abetdoniaus, and he served as a Vice-Presi- 
dent of that Society. He had a curioos memory for tare quotations, 
epigrams, and quaint and old stories, both of and outude of his 
profession. It was pleasant to see him preparing to tell one, and 
silently enjoying the smiles or laughter of the listener. He never 
lost the Abeidonian accent, but his voice had a mild intonation of 
its own ; he had leas of the ordinary Aberdonlan temper and manner. 
By nature and habit he was reserved, and even sby, but alirays 
courteous, never combative or demonstiatire, though firm in his con- 
Tictions, and ready, when necessaiy, to maintain them. While hie 
character was thoroughly Scotch, bis culture was of a kind perhaps 
more common south than north of the Tweed. He was the only 
lawyer of his time who, following a fashion which lingers a little 
longer in the Hoosee of Parliament than in the Parliament House, 
appeared with a flower — by choice, violets — in his button-hole, 
bringing a breath of fresh air into the dusty purlieue of the law, 
and casting a gleam of sunshine over Hie musty books and keen 
visages of the duly labourers in the Courts. He was naturally fond 
of the garden, and its flowers were the only ones he cultivated, for 
he never indulged in rhetoric. He held the common opinion 
that most speeches are too long ; and, what was less common, he 
acted on it, and when he spoke in public did so with grace and 



He became a Fellow of the Boyal Society of Edinburgh in 1874, 
and served as Vice-President from Ifovemher 1683 to October 1866 
and from November 1690 to April 1892. In 1687 he was made a 
Doctor of Laws by the University of Edinburgh, and he was one of 
the few who know something of both the laws of which hb was an 
honorary graduate. 
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The owDSTsliip of & fine estate, bonnded by odq of the beuiliftil 
rivets of ScoUand, and as old castle with hietorical sssocUtumB, 
beiides iDfluenciiig hu choiacter, impoeed on him the datiee of a 
conotiy geatlemui, which have seUom been better fnlfilled. The 
loBB of ft portion of hie eetate throogh on unfortunate law-mit he 
waa bound, by honour aa well aa hj interest, to defend, in whii^ the 
Souae of Lords reveraed the judgment of the Court of Session, and 
perhaps a share of the proverbial prudence of his EeUow-oountTTmen, 
led faim to practise economy in matters penonaL 

But his ecooOTny waa the ceverae of selfish. Its purpose waa ta 
enable him to be more hospitable and chEuitable on what he deemed 
the proper occasions for the exercise of these virtues. His estate 
was (Hie of the beet managed in the district where it lay, and best 
provided with houses for farmers and laboareis. He left it free 
from debt, and it was estimated Mat he expended £40,000 on its im- 
provetnant. He made a convenient and appropriate addition to the 
Castle of Drum, which will cany down its history in tlie nineteenth 
— as the strong Gkeat Tower marks its raigin in the days of the 
War of Independence and the larger addition by one of his aneeatots 
lecordfi its history after the troubles of the sevanteenth-^^entaiy. 
During a period when many of the nobility and gentry were seUing the 
books they inherited to pay the bets or stakes they had lost, he waa 
extending his library, in which he had the interest of a reader, and 
not merely a collector. He restored with taste the decayed chapel, 
and practised in it a natural piety, after the manner of Lie fore- 
fathers and the rites of the branch of the Church Catholio of which 
he was a member. His unobtrusive talents and independent and 
honourable character received the recognition doe to them from 
those amoi^t whom he lived, as well as ui the profession to which he 
belonged. He acted for about thirty years as Chairman of the Com' 
mittee of Publications of ^e Highland and Agrienltorol Society, 
and more than once as Director of the Philosophical Institution of 
Edinbn^h. He served for several yeara after 1860 as Captain- 
Commandant of tiie 20th Aberdeenahire Blfle Corps. In 18G2 ha 
was chosen Convener of the Commissioners of Supply of the covnty of 
Aberdeen, and pieuded over their meetings with invariable courtesy 
and tact. On retiring from office, when the Local Qovemment Act 
came into operation, he was presented with his portrut, painted by 
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Sir George Keid, P.R.8IA., whose brnsh has represented, vith the 
fidelity of an Aberdouiau and the inaighc of a maater, his outward 
appeamnce — the sidelong glance of the shy and modeat ejee which 
at times in later years seemed to look within, the gentle smile, and 
the gentlemanly bearing. He also acted as chancellor or legal 
adviser to his frieud, Bishop Forbes of Brechin, and to his ancceesor, 
the present Bishop and Primus of the Episcopal Church of Scotland. 

He was not spared the trials which those who live long nsually 
meet He lost his first-born son, Alexander, when yonug; fais next 
(also Alexander) in the prime of life, a scholar of New College, 
Oxford J and he bore tiieee, as he did leas serious misfortuaee, with 
a brave spirit 

He was survived by two brothers, James Hunilton Irvine who 
early in his life went to Australia and settled in North Gippsland, 
and General Charlea Irvine of the Imlian army, and a sister, whose 
gift of Scottish song oft«n charmed him and his friends. His wife, 
who shared his tastes and uded all his endeavours, also survived 
him. Her father, Colonel Forbes Leslie of Bothienorman, a learned 
archteologist, to whose mannscript history of the family of Drum 
this notice is indebted for several facte in its earlier annals, afforded 
another example of the pursuit of intellectual and artastic studies 
amongst the gentlemen of Aberdeenshire which, under fortunate con- 
ditioDB, may stimulate a generation and enlighten a neighbourhood. 
An only remuning bod, Francis Irvine, has inherited an historic 
name, which Mr Irvine banded down, not dignified by any title 
or illustrated by any remarkable genius, but distinguished by a 
quality more useful tlisn genius, which cannot be imitated and 
is rarely transmitted, — the faithful discharge of the duties of a 
scholar, a lawyer, and a gentleman in the atation and offices which 
fell to his lot. 
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Alexander KeiUw, M.D., LL.D., F.B.C.P.K, F.B.S.K 

By T. A. a Balfour. M.D. 

{Beid JuKury 16, 1803.) 

Dr Alexander Eeiller became a Fellow of this Society in 1866. 

He held a distinguiBhed place aa a pbydcian, more especially in the 

gynecological department of the profesaion, and was much and 

justly esteemed, respected, and loved by edl hb professional brethren. 

His extensive expeiience, gained from many important public 

appointments and from a large private practice, and the nnmeron^ 

varied, and valuable contributions with which, as the result of these 

advantages, he enriched the literatore of hie profession, placed liim 

among the very foremost of those who have extended the confines 

of practical medicine, and furnished to his fellow-workers & tried 

and solid foundation upon which they may confidently build in 

prosecuting their further reeearchee. 

Dr Eeiller was bom at Arbroath on November llth, 1811 — a 
date easUy remembered, if we adopt the mnemonics which he has 
humorously supplied: "1 was bom," he said, "at the llth hour 
of the llth day of the llth month of the llth year of this 
century." 

His father, John Keiller (or Eeelor, aa it is written in the burgees 
ticket which he obtained at Aberbrothock in ISOl, and which, 
through the kindness of a friend, ie now before me), was a merchant 
in that town, bnt seems to have been originally from Dundee, 
as be is stated to have retumed to Dundee from Arbroath in 
1814. 

Dr Eeiller's eaily education was, I believe, at the grammar 
school at Dundee ; and afterwards, with a view to prepare him more 
thoroughly for his preliminary medical studies, he was placed under 
the tuition of Mr James B. Lindsay, whose fame as an edncationist 
was widely acknowledged over the northern counties of Scotland. 
At that time, on a house in Union Street, Dundee, you might have 
seen a signboard with the unpretentious inscription — James Lindsay, 
Teacher of Languages ; and within that house there lived a man in 
many respects truly remarkable — a kind of prodigy of leaming. 
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He was & profoond mathematician, an able and accompliahed 
Bcientist and ezperimentolifit, and as a lingaiat it would be hardly 
too mach to e&j that he wu /aeUe prineepi of all the philologiBta 
who ever lived ; for there vas scarcely a langnage spoken on earth 
which he did not know and could not speak. It was to the training 
of such a man that Dr EeiUer was now entrusted. His affections 
were drawn out towards his teacher, and almost the last of his 
public acts was to pay a loving tribute to the great merits of 
Lindsay in a paper which he read as lately as last August before 
the British Aesociadon, by showing that he was among the first, if 
not the very first, who invented the Electric Telegraph, and had 
actually worked one of bia own constrnctlon between Dundee and 
the coast of Fife ; and that he also snccesafuUy experimButed on 
electricity as a source of lighting. 

Contact with such a genius conld hardly fail to inspire a like 
enthusiasm and perseverance, though these, in the case of this pnpil, 
wwe directed into other channels, and must have done moch to lay 
the foundation of bia after snccess and eminence, both as a caref ol 
observer and skilful inventor. Soma time after the death of his 
bther, Mrs Eeiller removed with her family to Edinburgh, and took 
np her abode for some yean in Adam Square. 

Before commencing his medical studies at Edinburgh, yonng 
Keiller had shown a strong bias to anatomical pursuits, and might 
have been found, when fifteen or aizteen years of age, at the Earthen 
Uouud (as it was then called), sitting for houra together under a 
temporary shelter, and by means of an old book on Anatomy 
studying the various human bones which he had picked np from the 
loads of rubbish which from time to time, since 1782, had been laid 
down daring its formation. With a proclivity so marked, we are 
prepared to learn that when, in 1830, he attended the lectures of Br 
Knoz, who was then at the tenith of his popularity, K.eiller became 
a favourite pnpil, and that that distinguished anatomist augaied 
well regarding his success in that science. 

After taking the diploma of the Koyal College of Surgeons in 
1833, his neatness of hand and proficiency in anatomy donbtlesa 
commended him to Dr A. Jardine Lizata, an able and succeBsful 
ieacher of that science in the Argyle Sqnare Medical School, who 
afterwards became Frofessot of Anatomy at Aberdeen, and Dr 
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Keiller was ^pointed hia FiosectoE and Bobaeqnently bis Dcmon- 
Btrator ; and while here he made, and eaperintended tiie drawings of, 
a large series of disaectdons for a work on Begional Anatomy. 

After Dr Knox retired we find Dr Keiller, in coqjonction witti 
the tate Dr Skae, lectoring on Anatomy on hia own acconnL Dnrii^ 
hie student days, howerer, a new subject had been btonght onder 
bis notice, which was destined to form the special stndy of his f ntnre 
Ufa. Dr John M'lutosh was then lecturing with mocb acceptance 
on Midwifery, and his pnpil, and afterwords class Bssist&nt, Keiller 
became ; and in this post, and at a Diapensary which Dr Mintosh 
opened and left almost entirely to his assistant's care^ he had an 
excellent opportonity of acquiring a knowledge of those subjects of 
which in later life he became the able exponent, and in the buo- 
cessful pioeeoutiou of which he gtuned his laurels. 

In 1635 he took hia degree of M.D. at 8t Andrews UniTersly, 
and afterwards became one of its examiners in Medicine ; and in 
1686, as a mark of their appreciation of hia merito, the Senatne 
conferred on him the honorary title of LL.D. 

After having lectured on Anatomy for two yean in Edinbui^h, 
he went to Dundee, and, following in the footsteps of Dr U'lutoah, 
he took part in establishing and condncttog a Uedica) and Surgical 
Dispensary there, and gave special attention to that department of it 
which related to Midwifery and the Diieaaea of Women and 
Chiidrea 

Haying laboured for seven years at Dundee, he was induced to 
return to Edinburgh by the urgent request of his frienda, and not- 
ably by Professor (afterwards Sir James) Simpson, with whom he 
was on terms of the greatest intimacy. On bis letum, in addition 
to general practice, he commenced lecturing on Materia Medica, 
and sabsaqoently took up the subject of Medical Jurisprudence ; and 
ultimately in 1863, on the death of Dr Campbell, who had been 
Leotarer on Midwifery and the Diseases of Women and Children 
in connection with the Soyal College of Surgeons, Dr Eeillet was 
appointed to that bononrable post, and to that special department 
he afterwards almost exclusively devoted Mmaelf. 

The mere recital of these subjects on which Dr Keiller gave hia 
prelections shows very clearly bia extensive acqaaintanoe witk 
varioua branches of Medical Science, uid the amount of oollatsial 
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knowledge which he brought to bear on the subject to which at last 
bis enetgiea and talents wore mainly diiectad. 

In 1646 Dr Keiller was fortunate in securing as his partner in lije 
the daogliter of Major Boy, a lady in erery way fitted to contribute 
to his b^pinesB and comfort. He was elected a Fellow of the 
Boyal College of Physicians in 1848, and was one of its ezaniineTS 
in Midwifery and Medical Jurisprudence ; and after having for years 
been an active member of Council, he was elected President of that 
College in 1870. On the lamented death of Dr Seller, he was 
ehoeen a trustee, and very recently held the appointment of Morrison 
Lecturer; in connection with which he delivered two courses of 
lactnres devoted to tile consideration of tbe neivons diseases of 
women, in which the value of bis early anatomical studies and work 
were apparent 

In 1851 he was appointed one of the Ordinary Physicians to the 
Royal Infirmaiy, and continued to discharge tbe duties of that office 
for fifteen years. While here he was the means of securing the 
setting apart of a special ward for the clinical stady of the diseases 
of women. He afterwards became Consulting Physician to that 
institution ; and at tbe same time was chosen one of tbe Ordinary 
PhysiciaDS to tbe Boyal Hospital for Sick Children, which office he 
held for eight years, and during that time delivered cbnical lectures 
on the diseases of children. He also held the office of Consulting 
Obstetric Physician to the Boyal Public Dispensary, and woe one of 
the physicians of the Royal Maternity Hospital. 

He was appointed an examiner in Midwifery at the University of 
Edinburgh, and from time to time lectured to the claea of Midwifery 
in that school of learning at the request of his attached friend, Sir 
J. Y. Simpson. When the deeply lamented death of that most 
distinguished pbydciau occurred, Dr Keiller became a candidate for 
the vacant chair, and many were the testimonials which he received 
from all parts of the world, and several of them from those who had 
attained distingnished positions in the profession, as to his eminent 
fitness to become the successor even of one so pre-eminently 
renowned as its late occupant I may add that Dr Eeiller was an 
Honorary Fellow of the Obstetrical Society of London, and an 
Honorary Member of the GyniBcological Society of Boston, U.S. 

His writings were very nnmerous, and were communicated to 
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various Societiea, both here and at London; bat specitlly did our 
Obatetrical Society get tbe benefit of his ripe experience and 
Boundneae of judgment. For twenty or thirty yean he was present 
at almost every meeting of that Society, and scarcely could a 
subject be introdaced, or a specimen exhibited, on which he conid 
not profitably dilate, as having in his own practice had cases of a 
similar kind which ha had carefully studied. 

To Dr Keiller we are also indebted for the invention and intro- 
daction of various useful instmments into obstetrical practice. In 
this connection it is interesting to know that a similar inventive 
bcnlty was possessed by a biothet of Dr Keiller at Perth, who 
patented valuable machines, among which was a self-registering 
target, so as to avoid any risk to tbe marker at rifle competitions, 
and of this the Qovernment, I understand, ultimately availed them- 
selves. Another of his inventions, by his failing to renew the 
patent, was adopted by others, who thereby enriched themselves 
at his expense. As r^ards Dr Eeiller, I may specify that it is to 
him that we are indebted for the introduction of caoutchouc bags 
into midwifery pnctice, he having brought them under the notice 
of the Obstetrical Society here at least a year before any competitor 
appeared on the field ; and it is to be regretted that, in the minds of 
some, these instruments are even now associated with another name 
than that of Eeiller, and thus he was Bubjecled to the painful 
experience of the poet when be exclaimed : 



an experience to which his brother also was not a stranger, 

The retiring modesty of this estimable physician formed a marked 
feature of his chuacter, and may, to some extent, have concealed his 
real merits, though, in the case of all who knew bim well, it only 
added a fresh lustre Ui his other qualities, as in all discussions he 
was ever ready to acknowledge the merits of others, and there was a 
total absence of anything like self-assertion on bis part. Sir J. Y. 
Simpson early observed this beautiful feature in his friend, for in 
1843, in writing to him that he (Sir James) would be proud to 
acknowledge his zealous labours, he adds : " So send something for 
our Journals yourself. You hare in you the power of doing much 
more than you suppose." 
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'While his talents and high professional standing secured for him 
well-merited honour and respect, his sincerity of heart, kindly and 
amiable disposition, and the vein of quiet humour which he possessed, 
greatly endeared Him to all his professional brethren, and made him 
a meet welcome gneet at their social gatherings. His removal 
from the midst of us has left a great blank, and caused deep and 
sincere sorrow, and his memory wiU long be cherished with affec- 
tionate r^ord. 

Dr Keiller's attention, however, was not limited by the things of 
time and sense, but extended to the higher and nobler objects 
beyond : oa his minister, the Sev. Arthur Crordon, well said, " He 
had wisely cultivated the spiritual as well as the intellectual side of 
lus nature." He availed himself of the means of grace in, and was 
a respected elder of, St Andrew's Parish Church. He held fast the 
old truths of the infallible Word of God, and had no sympathy with, 
hut grieved over, that specious and pretentious, but really shallow 
rationaliam and infidelity of the present day. N'oc was he ashamed 
to own that he did so, as appears also in his remarks on Mr Lindsay, 
when, after speaking of his philological purauite above referred to, 
Dr Keiller adds : " It may be mentioned, as imparting greater value 
to these researchee, that Mr Lindsay's attention was originally 
riveted on philological studies, owing to doabta which he entertiuaed 
aa to the authenticity of Scripture history, more especially as 
regarded the origin of the human race from the primal pair ; but that 
the more he studied the different languages, dead and extant, the 
more his doubts gave way, and the stronger did hie conviction of 
the truth of the literal exactness of the Scripture statements on this 
subject become." 

Dr Keiller died at North Berwick, where bis country residence 
was. The cause of his death was apoplexy. The shock occurred on 
September 16, 1892, and proved fatal on the 26th day of the month. 
He had reached the ripe age of 81 ; but till within a few days of hia 
death his corporeal and mental vigour seemed so little impaired that 
his friends were joyfully anticipating that his aojoum on earth 
would Btill be considerably prolonged. A large and attached group 
of mourners assembled at St Andrew's Church, and conveyed the 
remains of their beloved friend to theii last reeting-place in 
Warriston Cemetery. 
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Oeorge Husband Boird Macaeod, Knt., &[.D. Glaa., LL.D. St 
And., F.R.S. and F.a.C.8. Ed., T.F.P.S.G., and F.E.C.S.L, 
Correaponding Member of the 8oci4l;4 de Chirurgie de Paris 
and of the Acad4mie de MMecine in Paria ; Member of tho 
Deutsche GeseUschoft fur Chiruigie; Regius Professor of 
Slurry, Glasgow Univerait; ; Senior Surgeon to the Glasgow 
Western lafirmary , and Surgeon in Ordinary to Her Majesty the 
Queen in Scotland. By the Bev. W. H. Uacdeod, RA. 
Cantab., fi.D. 

(B«(idJaiiur7l6, leeS.) 

George Hosband Burd Madeod was bom in the Manse of Campne 
on the 21st of September 1828, and died in Glasgow on the 31st of 
August 1892, after two days' iUneea Hb was the son of Normaa 
Macleod, D.D., Dean of the Chapel Royal, and one of Her M^est^'a 
Chaplains, afterwards minister of St Colomba's Church, Glasgow, 
famed as a Celtic scholar, his wrings in the Gaelic language being 
unriralled among modem authors. From this cause, added to hia 
eloquence as a preacher, and his uoweatied labours for the good of 
the Highlanders, his memory is yet fondly cherished wherever the 
Gaelic language is spoken. The grandfather of Sir George was 
Iforman Macleod, minister of the pariah of Morren, whose ministry, 
together with that of his eon, who succeeded him (John Macleod, 
D.D., Dean of the Thistle, the well-known and much-hononred 
" High Priest of Morven "), extended to the remarkable term of 105 
yeais. On his mother's side he was descended partly from a Low- 
land family, who achieyed no little distinctbn in their day and 
ganeiatiou, the last of whom, his grandfather, James Maxwell, 
being Commissioner to the Duke of Argyll arm his eetates in MoU, 
Morren, and Tiree. Through his mother he was also descended from 
sereral well-known Argyllshire families. It would be impoasible 
here to do more than allude to the many influences which helped to 
mould his character, but no sketch would be complete if it did not 
make some mention of the atmosphere in which he had been brought 
up, or of the tiaditions which he unconsciously imbibed, inherited on 
both sides from a race of honoured ancestors. That he fully appm- 
ciated how much he bad gained from the past, his own recwd of hia 
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early days gives abundant testimony ; and to the dim but animating 
memorialB of those Highland homes, vhere his patents passed thdr 
youth, he attributed much of the success in life which he, with other 
members of his father's family, gained — for they were memorials of 
families revered for their human sympathy, their unswerving recti- 
tade, their kindly solicitude for the people around them, as well as 
their deep affection for one anotber. Speaking of the "Highland 
Parish," written by his well-known brother, Norman Macleod, D.D., 
minister of the Barony parish, Glasgow, where tbs picture is faithfully 
drawn of what those people were, and of the influences under which 
they lived and died, he writes : " It is impossible now, amidst the 
' sturm und drang ' of modem life, to define the nature and influ- 
ence of that circumambient atmosphere which a Highland upbring- 
ing in the time of my parents produced, and which their children 
unconsciously found around them ever afterwards. A temperament 
moulded by much of poetry and legend and misty tales, and not 
free &om a certain anspicion of superstition, gave a complexion to 
many of their views of life and of persons ; and while good breed- 
ing and unswerving loyalty to old friends, with mnch gratitude for 
kindness rec^ved, were characteristic of them, yet prejudice and 
antipathies were not denied." But though this influence from the 
liast mnst not be lost sight of, yet perhaps be owed more to the 
moulding and guiding example of his eldest brother Xorman, apart 
from the wise and loving influence of his parents, than to anyone 
else. Concerning him he writes : "From earliest youth he was a 
personality in the family. We all looked np to him, and he did 
not fail to exercise over us the best and most enduring influence. 
Bis great talent, high aspirations, deep religiooa feeling, and broad, 
manly principles, full of all that was true and real and honest, and 
wholly free from cant and suspicion of hypocrisy, could not fail to 
have an abiding and continuous efi'ect on all of us, who were his 
juniors, and all of whom were deeply attached to him. His ex- 
ample stesdied ns, his happy and affectionate nature welded us into 
a truly united family, and exercised over us an influence which 
augmented and confirmed the happy effects of our parents' more 
silent iastruction." 

Surrounded, therefore, by such influences, which all through his 
life continned to exercise their hold over him, and himself a son of 
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the Mansa, he was until the end la^l to the beat traditiooB of such 
a iiome, and to the Churcb with which these abodes were connected. 

His father removed to Glasgow in 1836; and alter attending 
Mr William Munsie's well-known Academy in Nile Street, and 
being for some time at school in Arrsn, he joinsd the Junior Latin 
and Greek clasaes in the Unireisity at the beginning of the session 
1843-44; but beyond taking the TJniTersity Prize Bsaay, and 
gaining high honours in Philosophy, be did nut specially distin- 
guisb himself in his Arts coarse, a circumstance which he chiefly 
attributed to the ineufficient way be bad been taaght the rudi- 
ments of classics. The foundations of knowledge were never pro- 
perly laid, and all through bis life he felt the neglect in this respect 
to which be bad been subjected. It was the Logic Class which first 
awakened in him tbe love of knowledge for its own sake, and gave 
him tbe first real impetus, f This class," be writes, " was the key 
to my brain, and emancipated me from what was to me tbe cramped 
and uninteresting field of classics, and set my feet on a firm and 
enduring rock. I owe ererythii^ to that class and its genial 
teacher " (Professor Robert Buchanan). 

In 1848 he entered the Medical classes. It bad been arranged 
that he should study for the Churcb ; but Sir John Macleod of St 
Eilda, then a Director in the Old East India Company, having 
promised his father to nominate him to a medical post in that Com- 
pany, it was thought that such a chance should not be lost, so he 
took up a subject for which at tbe time be had no special predilec- 
tion, and of which he had no special knowledge. He, however, soon 
made bis mark, tnking a prize in Anatomy and Materia Medics, and 
a first in the Institutes of Medicine ; but tbe extra strain which this 
inflicted upon bim, and tbe almost incessant work which it implied 
— for more than once be sat up all nigbt, and almost always far on 
into the morning — told upon bis boalth, which was then far from 
satisfactory, and brought on spitting of blood and other diingerons 
symptoms, wbicb necessitated almost complete cessation from study. 
It was therefore thought best that he should go to the south of 
England in the spring of 1851; bat though greatly benefited by 
this change, it was deemed somewhat risky for bim to remain in 
Glasgow during the winter, so he was sent abroad. Gibraltar was 
the place selected, and nbver did be cease to entertain tbe pleasantest 
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lecoUectioDS of hU stay there. It also proved of the utmost benefit 
to htm ; for in the apiing of 1852, after visiliog Malta, he retained 
home, through liely and Germany, perfectly restored to health. 
This was his first experience of foreign travel, and the love which he 
then imbibed for it never deserted him. Some part of every year 
was passed abroad; and as we glance through the many bulhy 
volumes which contain the record of all his wanderings, it can easily 
be seen bow much he enjoyed travelling. Many of the incidents 
which they contain are very amusing, and some of great interest. 
It may not be out of place to transcribe here an account which he 
gives of a scene which occurred on a Spanish lugger, dirty heyond 
all description, as Spanish luggers were, in which he crossed from 
Tangiers to Gibraltar, as it shows, in spite of the inconvenience and 
discomfort which he had to put up with, the keen sense of the 
lodicroUE which he always possessed. " As the sua rose," he says, 
" all the cocks — and there were dozens — in our coops began to crow 
lustily, and those whose freedom enabled them clapped their wings 
with joy. It is cnrions, but probably an electric influence, which 
thus compels cocks to crow when they feel the sun. These birds 
all crew, and yet some of them were so uncomfortably situated that 
it defied me to understand what pleasure they could have in the 
act. Some were standing on their heads, oi rather necks, with their 
long red eyelids winking on the deck ; others on their backs 
formed the pedestals of innumerable feet, the bodies belonging to 
which were agun the points of support of another living layer. 
Placed in every imaginable posture and ungraceful attitude, cramped 
and crushed to the utmost limits of endurance, and mauy in the 
centre totally excluded from a lay of light, these gallant trumpeters 
sounded their peal of joy as if they exulted in the thought that the 
time of their liberatbn was drawing near. At times the first note, 
which was delivered with emphasis, seemed as if it comprised the 
atmost exertion of which its author was capable ; the succeeding 
prolongation, on which the whole effect depended, being wholly 
wanting, or dwindling down into an insignificant rattle. At other 
times a bravura was expelled in short, disjointed, but determined 
accents, as if the taste of the performer had led him to execute it 
in staccato, while every now and then some poor aspirant in the 
centre of the crowd, vainly endeavouring to balance himself on 



xli? Proceedings ofSoyal ^xietp of EditJyurgh. 

otfaers during his debQt, prodaced a dreadful tamult in the com- 
manity by the living props giving way, and his patting the wbota 
DiBsa in commotion by his fall, while bis own chivaliio effort pro- 
maturely died away in choking accents, some violent neighbour 
having apparently made fierce attempte to garrotte him. Never, I 
think, was melody produced under more disadvantageoiu circnm- 
Btancea. Their chaaticleeric endeavoun, moreover, were not received 
with due encouragement by the crews of the ships around. At day- 
light our anchor had been raised to allow us to drift in with the 
tide ; and as we passed through the shipping, iDQumerable red- 
Govrls from the bulwarks cursed our concert in every language 
under the sun." 

He graduated in Medicine in tike spring of 1853, and immediately 
afterwards went to Paris to continue his studies. That great 
Medical School wan then presided over by men of European renown, 
such as Velpeau, N^ton, Boachardat, Jobeit de Lamballe, Rlcotd, 
&c, and as his d^ree in medicine freed him from all fees for lectnrei) 
or hospitals, be was able to make as much use as it was possible of 
his opportunities. As in Glasgow, so here, anatomy and suigeiy 
claimed his chief attention, and many were the hints and valuable 
the experience he gained. The French School ever exerted its 
influence over him, and it was to their works that he was in the 
habit of first turning in all his after preparation. 

He retnmed from Paris in the autumn of 1853, spending some 
time on his way home in the London Hospitals, and settled down to 
practice in Glasgow, having by that time ^ven up an idea of going 
to India, partly owing to family affairs, and partly because of better 
prospects presenting themselves at home. But it was not long 
before he was again away. Europe was beginning to echo with the 
call to arms, the Crimean War was on the tapis, and where better 
could a young anigeon gain that experience which was so necessary 
for him in his profession than on the field of battle t But how was 
he to get there f While on the alert to seize the first chance which 
presented itself to achieve this most desirable end, the opportunity 
was most unexpectedly put in his way. One evening, at a dancCj 
his host asked him whether he would be willing to go with a friend 
of his on a yachting cruise to Constaatinople. He jamped at the 
chance of thus getting near the seat of the future war, and on the 
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23rd April 1854, a few days after he bad accepted the invitatioD, he 
started. This sudden resolve was the making of him, and was 
(though then rery obscurely seen) the first rise of the tide which 
bronght him long afterwards to the front. In the Chance, an 
80-ton catter, he visited many places in the Mediterranean, and it 
was when lying in Malta that the war broke out. Through the 
recommendations of bis friends, he was strongly arged to go and try 
what chance there was of employment. Leaving, therefore, his 
yachting comrades, he pushed on with all speed to Constantinople, 
only to meet with disappointment. Nothing was to be done there ; 
and though he made every effort to gain hia end, every attempt met 
with failure, so that be was reluctantly compelled to return home. 
Yet, fmitless though the voyage appeared at the time, it was not 
really so, for in November of the same year (1854) he was again on 
the war-path. Colonel George (afterwards Sir Qeorge) Campbell of 
Garscnbe, who was in the 1st Royal Dragoons, bad been severely 
wounded in the heavy cavalry charge at Balaclava, and hia mother, 
Mrs Campbell, anxiona for bis safety, and desirous to Gnd some one 
wbo would go out and bring him home, called one day and asked 
Macleod if he would undertake this duty. This request he gladly 
complied with, and he travelled night and day until he found his 
patient, at Scutari, very badly wounded, aud much in need of 
some one to tend him. After nursing him for many weeks at 
Scutari, and afterwards at Constantinople, he brought him back 
iu safety te London. But while waiting for his friend to gain 
sufficient strength for the journey home, bis restless energy, and bis 
determination to make himself aa eCGcient in hia profession aa he 
conld, did not allow him to pass the time in idleness, for be worked 
morning, noon, and night is the English and French Hospitals, and 
saw and did a great deal of surgery, and in the dead-house was able 
to practise all the operations frequently. This action of his waa 
characteristic of him all his life long : never did be allow an oppor- 
tunity escape of perfecting himself in that profeaeion which had 
Stirred his enthuHiasm. By this tirae rumonra of the unsatisfactory 
state of the hospitals in the East, and of the sufferings of the wounded, 
had reached England, and all were anxious to receive authentic infor- 
mation, none being more desirous of ascertaining the exact state of 
matters than the Government of the day. While passing throngb 
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LoDdon with Colonel Campbell, where ha met Sir William Fergn- 
Bon in conaultation, he was asked by Lord Blaatyre, who knew the 
Campbells, to go with him to the Mlniater of War, Mr Sidney 
Herbert, in order that he might give him atl the information he 
could upon theae important points. Macleod strongly recommended 
that wooden hospitals, like those used in Qlosgnw as temporary 
buildings daring the fevei epidemic, should be erected, and that the 
dirty and poiaonons barracks then in use at Scutari shonld be 
abandoned. This recommendation of his was agreed to, and he was 
asked to obtain plans with as little delay as possible. On his 
return, therefore, to Glasgow a few days later, with the assiBtance 
of Professor Lawrie, and Mr James Smith, architect, plans were 
drawn up, modelled on those naed in Glasgow, but with such altera- 
tions as seemed necessary for their new requirements, and Profeasot 
Lawrie returned with him to London to support the idea. They 
were afterwards adopted and set np on the Dardanelles. By this 
time, however, the Government found that, to make adequate pro- 
vision for the proper Vestment of the wonnded, it would be necea- 
sary greatly to increase the medical staff, and they therefore deter- 
mined to augment the r^nlar army medical staff by a specially 
arranged staff of civil surgeons. Sir John Forbes and Mr (after- 
wards Sir William) Bowman had the organisation of it, and by the 
latter Macleod was offered an assistant • surgeonship. This he 
refused to accept, representing that, as he had been twice out, and 
knew more of the work there than any of those spoken of for the 
senior positions, it would not be worth his while to go unless he 
received a senior appointment. This he was given, and asked if he 
would go out at once to Smyrna with Major Storks, who had been 
appointed to organise the staS and hospital there. He received hia 
appointment on Tuesday ; and on Friday, lOth February 1854, three 
days later, be had started for Smyrna, by Paris and Marseilles, with 
Eddawes aa his assistant-surgeon, and under the command of Major 
Storks. They arrived at Smyrna on the S5th, when, greatly to his 
surprise, he found himself made senior of the whole staff, and 
appointed interim superintendent. This piece of good luck came 
about partly through his having '* ao courageously " gone out at 
once when asked, and partly through the recommendation of the 
superintendent, who was home on leave, and Major Storks, who con- 
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Kdeted him best fitted fot the posL Thns he found himself, at the 
age of twenty-six, io a poaition which many men, greatly hia seniora, 
might have envied. 

There was much need for reorganisation, bat soon he had all 
things in good working order, associated as he was with a band of 
energetic men, nearly all of whom made their mark afterwards in 
the world — Spencer Wdls ; Ranke of Munich ; Macdonnell, after- 
wards Frofeesor of Snrgery in Dublin ; RoUeston of Oxford, and 
many others. Here at Smyrna he remained until the end of May 
1855, when the work became lighter ; and having tba good excuse 
of an attack of Smyrna fever, he asked for leave, and started fot 
"the front," being determined to see active warfare somehow. 
With letters of introduction from Colonel Storks to Dr (afterwaids 
Sir John) Hall, principal medical officer in the Crimea, and to 
many others, he set out. Dr Hall received him most kindly, and 
to the weary and overburdened medical officers his help was most 
welcome. But he was not engaged long at such temporary work, 
for, a surgeon attached to the General Hospital having died from 
cholera, he was placed in orders by Dr Hall to succeed him. This 
was a most responsible position, as the General Hospital was of 
considerable size, and was " general," or for no special regiment or 
division. It was in the "linee" of the 3rd Division. He then received 
army rank (that of Major of comparative rank and first-class Staff 
Sni^eon in the Medical Service), and remained " Senior Surgeon to 
the General Hospital before Sebastopol" from this time till the 
Crimea was evacuated in 1856. Of the hardships of that trying 
time, — and they were not easy to bear, as one can judge from his 
jonmob, kept moat methodically daring the whole time of his 
residence in the Crimea, — we cannot now speak. Several times 
under fire, he remained at his post until, as the result of all his 
surroundings combined — food, sleeping-quarters, bad water, fatigue, 
and ennui — he was struck down with erysipelas and camp fever. 
He and hia tent companion, who afterwards succumbed, were 
seized at the same time ; and altbon^ fried slices of salt pork and 
rum and water formed their chief staple of food, he finally rallied 
after having been sent down by sea to Therapia. Before he returned 
to duty he made a hasty visit to Smyrna to settle up his affaiia 
there; and although at Constantinople, where he met the late Sir 
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William Aitken, he was Beized with a. sharp attack of janndice, as 
soon BB he could he was again at his prat, remaining there throngb 
the winter of 1855-56, until the signing of Peace, in April 1866. 
For hia aervicBS at the Battle of the Tchemaja he got the Sardinian 
medal, also the Tarkish, and, we beliere, was the only dril surgeon 
who received the Eoglieb medal with clasp for Sebostopol, and on 
hie return home he Teceived a special gratuity from the QoTemment 
for hia eervicee. He was also to have received the mnch coveted 
L^on of Hononr, but, through some carelessness in making the 
retnrn, he never got iL Leaving the Crimea in April 1856, he 
visited Palestine and Egypt, and before he reached England spent 
some time in Paris attending the Hospitals and renewing old friend- 
ships. On his return to Glasgow, in the autumn of 1856, being 
then but twentj-eight years old, he settled down to practice, and 
published, soon after his return, his Notes on the Surgeri/ of 
the Grimean War, with Sttmaria upon QtmiAot Woundg, a book 
which at once brought him into notice, attracting as it did a good 
deal of atteutiou, and which even yet is recognised as one of the 
authorities upon the subject of which it treats. Besides the British 
edition, some 6000 copies were sold in America, and it was distri- 
buted by authority in both the Northern and Southern armies. 
But, though engaging in general practice, he was at heart a surgeon, 
and desired above all things to distinguish himself as a teacher. 
He therefore fitted up his dining-room as a lecture-room, aud began 
a class of instruction in surgical apparatus — a subject which was 
not then tai^ht even in the hospital. Encouraged by the success 
which attended this venture (for the first winter he had a class of 
thirty-two), he took a room the following winter in Cathedral Street, 
and announced a course of lectures in Systematic Surgery. Dr Robert 
Hunter then occupied the Chair of Surgery in Anderson's Ccdlege, 
and though at first this rival class met with his opposition, he finally 
gave Macleod all the support he could. It was during this time 
that Macleod began to agitate, by pamphlets and otherwise, for 
certun reforms in the mode of clinical instruction, and of the 
appointment to office, then in vogue, in the hospital ; and, though in 
later life he might not altogether have approved of his own recom- 
mendations, yet the controversy did good, though he suffered the 
penalty of a reformer by his being kept out of the Infirmary for some 
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time. WbeD, however, he vas at length appointed one of the House 
Surgeons to the Royal iDfirmarf, the enthusiaam with which he 
threw himself into the work of clinical teaching, and the success 
which attended him, iadnced Professor Lawrie, to whom he was 
ever deeply attached, to appoint him to conduct his class when 
failing health prevented him from fulfilling his work ; and, as an 
evidence of his popularity and saccess as a teacher, the students 
presented him at the close of the session with a handsome 
testimonial. 

On the death of Dr Hunter in 1859, Madeod was appointed to 
sncceed him in the Andersonian : this gave him the outlet he wished ; 
and by gradually dropping certain departments of general practice, 
he was enabled to confine himself more entirely to his work as a 
teacher. In 1669 the Chair of Surgery in the University fell 
vacant, through the death of Frofeaaor Lawiie ; and, though Sir 
Joseph (then Mr) Lister was appointed to the Chair, the ton years 
which he passed at the Andersonian were of incalculable value, for 
the experience which he gained there of teacbing, in addition to the 
knowledge of hia subject which ha had previonsly received in Paris 
and in the Crimea, made his claims paramount when, in 1869, the 
Chur of Surgery in the University again fell vacant by the 
removal of Sir Joeeph Lister to Edinburgh. From that time 
onward, having then dropped general practice altogether, his heart 
was completely bound up in the succeea of his classes at the Univer- 
sity and the Western Infirmary. Only those who met him there can 
know the enthusiasm for his work which, even up to the day of his 
death, poaaessed him ; and this enthueiasm he transferred to his 
students, who flocked to him in such numbers that every available 
comer of his large closa-room was crowded, many having to content 
themselves with standing room, or to seek some insecure or uncom- 
fortable resting-place upon a window aill or upon the floor. Yet 
with it all he never found any difficulty in mainteining the most 
absolute order, though often he expressed himself amazed at the 
attention be met with, and the earnestness and interest with which 
they followed his every word. It was his desire to help hia students 
to he men of wide sympathy, and, raising them up above the mere 
drudgery and business of their profession, to make them feel some- 
thing of tbe dignity of their calling, and cause them to hato and 
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ehnn all that was mean and all that was base. His intereat in them 
never failed ; they might rely apoa his ready help and warm Bym- 
pathy thongh years might bars passed since they sat under him at 
the University oi followed him in his clinical teaching at the 
Infirmary. For it was ever a pleasure to him to welcome back old 
Btudente, and heat from them how it had fared with them since they 
had left the shelter of the Collie walls. 

Skilful though he was as an operator, and through firmness of 
nerve able to peifonn with success the most difficult operations, yet 
bis interest in his patients did not then terminate. His care and 
watchfulness never relaxed until the cure was complete, and even 
then be was glad to see them again, and to hear of their wel&re. 

Those who followed him and heard him teach, and saw him operate, 
can testify to his power of attraction and to the care which be 
lavished upon every case ; but it was only those who could follow 
him home who knew the strain and stress which it all involved, and 
how deeply he felt the suffering which he did all that in him lay to 
relieve. Many were the aleepleas nights he spent, after the toils and 
anxieties of the day, imagining all the possible contingencies that 
might arise to frustrate his skill and care ; and this highly stmng 
nervous temperament, which in our estimate of him we should not 
forget, did much to wear ont bis otherwise robust constitution. 
It is, however, impossible to do justice to this latter portion of his 
life, for which, after all, the earlier portion was but the preparation ; 
though, no doubt, as it has been most tmly said, his beat memorial 
lies in the hearts of the thousands of medical men scattered all over 
the globe, who owe to him mainly the groundwork of all their 
surgical knowledge. Perhaps we cannot do better than to insert 
here a pasa^e from the Gla^ote Univtrsity Moffotine, which, coming 
from such a source, may well be taken to indicate bow much he was 
beloved by the students of bis Alma Mater. Nothing would have 
cheered his heart so much than to have known that those, for whose 
welfare he had so earnestly and devotedly labonied, underatood and 
reciprocated his feelings. After speaking of the loss which they felt 
they had sastained when the news of bia sudden death reached them, 
and of how unexpected it was to those of his own class, who, at ths 
cloae of the session, had listened to bis usual hearty farewell till a 
welcome return to the winter's work, the article continues : — 
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" He lived for studonts, and died in their service, vbila hia first aim \a life 
—the impulse which anyone who knew him at the bedaide or ia the Operating 
Theatre at oace saw to be the mainspring of his thoroogh method and per- 
fected akill— was to cure the sick and ease the anffering, by the bast and 
kindest raetboda the science he loved could teach him. It lends grace to oni 
memory of him that the news of his death etajed the hands that were boay in 
tbs ward preparing for his visit. Every professor is a hero to his students ; 
and could the boandlesa remiDisceaces with which Sir George freely eater- 
tained his foUowera, the stories nniqua in hamooj— at times in patios — with 
which he enlivened bis lectures, and all the acta of honest kindness ever ready 
for those who honoured him by doing his work— could all those be gathered 
from the huodreds who even to-day cannot realise that tbey shall enjoy such 
no more, they would form a volume limitless ss rare. No professor could 
have been more ready to entertain every project where atadente asked bis 
advice or sought his support. It was on account of a high ideal of home life 
that bis figure was not oftener seen about College when the day's work wss done 
and lighter work begun ; bnt there are many who know that there was not « 
worthy movement bnt wbst he was anxious to support, and that liberally. 
Hia popularity among the students was unbounded; and long before our Queen 
recognised in him a fit kuight, the citizens of our University had, with a sig- 
nificance deeper than stately figure and commanding presence, honoured him 
as their " Duke." And still we mourn him, as one whose place will never be 
filled by another, either in our memories or in our lives," 

This allusion to bia appearance will recall to all, who knew him, 
the remarkable height and splendid features of one whom no one 
could pass, however careleasty, Tvithout being impressed. 

Though too busy to publish much, yet ha made some valuable 
additions to the ani^cal literature of the day. Mention has already 
been madn to his Note» of tht Surgery of the Orinuan War, which 
was published in 1858. In 1864 he iasned his Ouilinei of Surgical 
Diagytotis. The edition publiehed of this was sold oat in three 
months, and a large edition was published and sold in America. 
Thotigh repeated representations were made to him both from Great 
Britain and America for a new edition, and Ihoi^h for many years 
he collected materials for this end, be never found himself able to 
overtake it We beUeve this was the first work of its kind pub- 
lished, although since then several have appeared. 

Id the second edition of Co{^er's Surgical JHeUanary he wrote 
several articles, and also for the Intemalional Eneyelopaedia of 
Medicine and Surgery he contributed an article upon the " Sargical 
Affections of the Neck." He wrote mauy articles for the leading 
medical periodicals of this country, besides printing separately 
numerous addresses on professional and general topics. 
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Besides being M.D. of Glasgow, F.R.C.S. Ed., F.F.P.S. Glaa, 
he had a long list of honorary diatinctioDB. He was a. Fellow of this 
Society, and hod conferred upon him the honorary Fellowship of tbe 
Eoyal College of Sui^eons of Ireland, and as late as last epring the 
LL.D. of the University of St Andrews. He was also a correspond- 
ing member of the Soci^t^ de Chirorgie de Paris and of the 
Acad^mie de U^ecine da Paris, Uember of the Deutsche Gesell- 
schaft fiir Chirui^e, Fellow of the College of Physicians of Phila- 
delphia, and member of several other learned societiee. He was 
Surgeon in Ordinary to the Queen for Scotland, which appointment 
he received on the removal of Sir Joseph Lister to London. In the 
year of Her Mq'esty's jubilee he received the honour of knighthood. 
He was, moreover, one of the Crown representatives in the General 
Council of Medical Education and Registration, and a D.L. and 
J. P. for Dumbartonshire, 

So far we have spoken of him with special reference to his pro- 
fession as a snrgeoD, yet one final word must be added. At heart a 
surgeon, he was by no means one-sided, a& those with whom he 
came in contact soon discovered, for with his lova of travel was 
combined a lova for the history with which the places he visited 
was inseparably connected. When able to snatch a few minutes 
from the busy day, he took up and read and re-read some branch 
of historical study. After his profession, perhaps history had for 
him the greatest fascination, and never was he tired studying the 
checkered fortunes of a nation's life. Ifothiqg he disliked more 
than to be considered a mere specialist, to whom the world and all 
things therein were of no interest, save as they served to provide 
subjects for the morning's lecture. In the many addresses which 
from time to time he delivered, subjects of historical interest were 
almost always his choice. His profession, instead of narrowing hint, 
seemed to help to widen his sympathies and his tastes, and incline 
him to take a special interest in general literature. 

Filled with that spirit of romance and warm-heartedness which 
his Highland upbringing did so much to sustain, he delighted to 
welcome to his house of Fiunary, on the Gareloch — called after that 
other Fiunary, on the Sound of Mull, so long the family's home — old 
fellow-students and old companions, and continue there the traditions 
for which that other home was ever so lovingly remembered. The 
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aonl of honoor, a man beloved by those who hare the best light 
to speak — his BtndeDto and bis friends — hia loss viU be deeply felt 
by a large circle who admired him as a man, and valued him aa a 
friend. 

The end come with startling suddenness, on the eve of his depart- 
ing for his autnmn holiday, before the work of the winter. He was 
seized on Monday night, the 29th Aogust, with the severe pain 
which accompanies angina pectoris ; and though on Tuesday able to 
make the arrangements necessary for a temporary absence from his 
work, on Wednesday morning, while those beside his bed were 
speaking to him and he to them, with no thought of immediate 
death, he suddenly pasted painlessly and peacefully away. 

He is survived by Lady Macleod, and a family of four sons and 
two daughters. 
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Thomas UiUer, M.A., LL.D. By J. S. Maokay, LLD. 

(BeadFebmaiylG, ISei] 

Thomas Miller was bora at Ureenbrae, in the paruh of Ardocb, 
on the 16th October 1807. Uia father, WillUm Miller, was a 
farmer, aDd intended the son to follow his own calling. The son, 
howeyer, had a thirst for learning, and wished to enter the Choich. 
He was sent — perhaps it would be more correct to say he was allowed 
to go — to St Andrews, for the expenses of his first session (1825-26) 
were defrayed from bis own earnings as a teacher. He took the 
usual Arts course of four years, distinguishing himself in all bis 
classes, and particularly in those of mathematics and natural 
philosophy, and graduated the first man of his year. He had come 
up to the University with what would now be considered rather a 
slender etock of knowledge, for he knew no algebra or geometry, his 
Greek was entirely self-acquired, and the instruction be had in Latin 
was such as cotdd be obtained from one year's attendance at a 
country school. But if his preparation for college studies was iii- 
adeqoate, it was more than compensated for by his enthusiasm and 
hb indomitable industry, two qualities which remained with him to 
the end of his life. 

In accordance with bis design of entering the Church, Mr Miller 
spent four years more at St Andrews in the study of theology. 
During this time he had not only many private pupils, bat he 
was engaged by his friend, Professor Duncan, to superintend his 
competitions, to correct his class exercises, and to revise his 
Elemenle of Solid Oeomeiry, which was then in manuscript. All 
this, with his own work for bis divinity classes, kept him em- 
ployed with little intermission from six in the morning till 
midnight. 

At the close of his theological course the appointment of a 
mathematical master in the Madras College, St Andrews, fell to be 
made, and he was urged by Principal Haldane to become a candidate 
for the post Diffident though be was of his qualifications (it is 
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usually the best candidates who aie diffident), he sent iu bis applica- 
tion, and vas unanimoosly elected. This event changed the current 
of his life. He remained four years in the Madras College, teaching 
not only mathematics, but geography and eteniontary science with 
much efficiency, for the number of his pupils increased very greatly 
during his term of office. 

On tlie death of Professor Jackson in 1837, Mi Miller became 
a candidate for the vacant chair of natural philosophy, but 
the appointment was given to Dr Adam Anderson, who was then 
Bector of the Perth Academy. Mr Miller became Dr Anderson's 
snccessoT, and in October 1837 commenced his first session in 
Perth. The classes be bad at first were not large, and in leaving 
St Andrews he knew he was making a heavy pecuniary sacrifice. 
The number of his pupils, however, increased considerably as time 
went on. 

During his first eesaious his leisure was occupied in compiling 
courses of mathematics and natural philosophy for his students (be 
always called his pupils " students," addressing them individually as 
"Mr"andcoUective1yas "Gen ttemen''),andmakinghimself acquainted 
with the progress of acientific discovery. While he was interested 
in science mainly for its own soke, and for the sake of the benefits 
which its discoveries have conferred upon mankiud, he was keenly 
alive to the educational importance of its historical development, 
and familiarised his pupils with the names and the achievements of 
the great masters from Euclid downwards. For many years he 
devoted special attention to the Differential and Integral Calculus, 
and was an assiduous student of the works of Biot, Poissou, Lagrange, 
and Laplace. In 18S2 he was elected a fellow of the Royal Society of 
Edinburgh, and in 1853 he was offered the degree of LL.D., both 
by hie own University and that of Aberdeen. He chose to accept 
the St Andrews doctorate. In 1854 appeared his Treatise on the 
Differentiai Caladtig, with Ub Application to Plane Curves, to Curve 
Surfaces, ond to Carves of Double Curvature. A correspoudiug 
volume which he drew up on the Integral Calculus was never pub- 
lished, the demand for books treating of the higher mathematics 
being extremely limited, and publication entailing a serious pecuniary 
loss. Ifot long after he came to Perth be helped to found a 
Mechanics' Institute, and for several years in succession delivered to 
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the mechanics courses of lectures on natoral phJloaophy, Bstronomj, 
chemiBtry, and geology. These lectures wen given gntuitously, 
and he was mnch pleased with the only reward thej brought him, 
beyond the enlightenment and the gratitude of liis audiences, — a 
copy of Laplace's Mecaniqae Cileste. 

For four and forty years Dr Miller discharged the duties of 
Rector of the Perth Academy, and (in the words of one of his 
distinguished pupils) " under bis reign the Academy was less a 
school than a notable provincial college." It may be worth while, 
for purposes of pedagogic comparison, to give a general statement' 
of the course of stndy through which he conducted his junior and 
senior classes. The courae consisted of the theory of arithmetic, 
algebra, plane and solid geometry, geometrical conies, plane and 
spherical trigonometry, dynamics, elementary physics and astro- 
nomy, and inorganic chemistry. Occasionally he had pupils who 
gave a third or even a fourth year's attendance, for which be would 
accept no fee, and he took particular pleaente in initialing them into 
the mysteries of the calculus. 

In 1881 he retired, and not long afterwards his friends and former 
pupils presented him with his portrait painted by J. M. Barclay, 
RS.A. He had long been prominently connected with the charit- 
able and philanthropic schemes of the city, and he continued to give 
them bis support. He was a Justice of the Peace for the county, 
and at the time of his death had been for more than half a centniy 
an office-bearer in St Paul's Church. He died on the 9th Septem- 
ber 1891. 

Dr Miller possessed the qualifications which go to form a great 
schoolmaster. He was a man of high ability, he never ceased to be 
a student, he had genuine sympathy with youth, and while he was 
patient with the dullest, he could rouse the enthusiasm of aU. No 
master was ever prouder of the successes of his pupils, or took a 
livelier interest in their after welfare. His culture was not tiiat of 
science alone, for be was widely read in literature^ and he could 
grapple with the phQosophioal and theological questions of the day. 
To the young men who were his aanstants no head-master could be 
hinder or more considerate. With peculiar appropriateness one may 
say of him, in the words of a well-known writer, "he had the 
esteem of bis fellow-citizens, and the love of his fiieeide; he bore 
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good forttme meekly; he snSeied evil with coDstancy; and through 
evil or good he maintained truth always." 

Dr Miller was married in 1847 to Ann Buchanan, who now 
survives him. He has left also three eons, Surgeon-Major W. B. 
Miller, Kev. T. D. Miller, Mr K. H. Miller, LL.R, and a ( 
Mrs H. K. Davson. 
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Thomaa Nelson, F.R.S.E. Bj W. Soott Dalgleish, 
; M.A., LL.D. 

(RMd Dec«inb«r 19, 1892.) 

Thomas Nelson, the head of the publishing houee of Thomas 
NVIson i: Sons, died at his residence, St Leonard's, Edinburgh, on 
October 20th, 1892 — within two months of completing his seven- 
tieth year. He was educated at the High School of Edinburgh ; 
and when he was seventeen years of age he joined his father's 
business, whicii was that of a bookseller and publisher, carried on 
partly at the quaint old shop which stood till a few years ago at the 
head of the West Bow, and partly in the Gordon Mansion-houso on 
the Castle Hill. His business faculty was rapidly developed, for in 
1^44, when he was barely twenty-two, he was entrusted with the 
organisation of the London branch. Two years later, the business 
was removed from the Castle Hill to new premises at Hope Park. 
Some years before that, Thomas Nelson, senior, the head of the firm, 
bad been laid aside by illness ; and the task of founding the 
extensive printing and publishing establiahment at Hope Park was 
undertaken by his two sons, William and Thomas, who were 
comparatively young men. In this they succeeded so well that they 
brought to themselves fortune as well as fame. 

When the Hope Park premises had been in existence for upwards 
of thirty years, and had been extended to the utmost capacity of 
the available ground, and when the business in its many and varied 
departments was in full career in Edinburgh, London, and New 
York, it received asudden check from the occurrence of the disastrous 
fire of 1S78. This seeming calamity, however, turned out to be a 
blessing in disguise ; for It enabled the firm to make a fresh start at 
Parkside Works, in magnificent premises, conveniently arranged, and 
furnished with the latest and most approved forms of machinery. 
There, during the last fourteen years, the business has been carried 
on under the most favourable conditions, and with eve^in creasing 
prosperity. 

Enough has been said, for the present occasion, of the histoiy of 
the firm with which Thomas Nelson was identified. Something 
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ma; noir be added aa to bis characteristics as a man of business, 
and as a man. 

From his earliest years he showed a distinct and remarkable tarn 
for mechanics. Both in bookbinding and in preeswork, be devised 
many ingenious contnvances nbich are now generally adopted by 
printers and bookbiuders. His greatest achievement in this 
department, however, was his iavention, abont the year 1850, of 
a rotary printing-press, with curved stereotype plates fixed oa 
cylinders, and with a continuous web of paper. A working model 
of his machine, made by the eugineers at Hope Park under his 
directioQ, was exhibited in the London International Exhibition 
of 1851, and attracted a great deal of attention ; and the same 
model was again seen at work in the Edinbuigh Exhibition of 
1886. 

The essential points of a rotary press are : (1) Stereotype plates 
cast in curved form ; (2) a continuous web of paper ; (3) a serrated 
knife to cut the paper into sheets as delivered from the machine. 
In these three particulars, the Kelson Press was unquestionably the 
original of all the rotary presses now in use for newspaper work. 

Long before Mr Nelson took up the subject, the problem of rotary 
printing had engaged the attention of inventors, but it had not been 
solved. In 1790 WUliam Nicholson of London patented a machine 
which anticipated many of the features of the modem press — in 
particular, the impression roller, and the distributing rollers on the 
ink-plate. But these features belong rather to the cylinder printing 
machine than to the rotary press. The only point in Nicholson's 
specifications bearing on the rotary press was that the " block, 
forme, plate, assemblage of typen, or original," was to be placed on 
the face of one of his cylinders. Unfortunately, Nicholson never 
made a machine in conformity with his patent. That was done 
twenty-one years later by Friedrich Koenig, whose machine, patented 
in 1811, was the original of the impression -cylinder machines now 
universally used fur book printing, but did not include the proposed 
type cylinder. 

The latter idea was first realised in Applegath's machine of 1848, 
which was used for several years in The Times office. In this 
case the cylinder bearing the formes of type was vertical, and the 
paper in sheets was fed in by hand from eight platforms. 
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This was the position of the problem in 1850, when Mr Thomu 
Nelson invented his rotary press. Now, the points in which the 
Nelson Press went beyond all previous inventions were : (1) That its 
cylinders were covered not with types bat with stereotype plates cast 
in acurved mould ; (2) that the paper was in the form of a continu- 
ous web, and passed automatically through the machine ; (3) that It 
had a serrated knife sunk into the face of one of the impression 
cylinders, for the purpose of cutting the paper into sheets. It was 
also a perfecting machine, printing both sides of the paper at one 
operation. These are what I have called the essentials of a rotary 
press, and they appeared in the Nelson Press for the first time. 

The invention did not pass without notice. When the working 
model was exhibited in London in 1661, it was referred to in all 
the principal newspapers, and it was minutely described (with 
drawings) in Cassell's lllwlmttd Exhibitor (1652). Probably the 
reason why the plan of the Njelson Press was not at once adopted 
was, that it was suggested for the printing of books, for which it is 
admitted not to be well adapted. Its special applicability to 
newspaper work had not then been realised, though it was not 
improbably suggested by the exhibition of the machine. In the 
Hoe machine, with which Tke Times superseded the Applegath 
in 1658, the type formes were still afOzed to the cylinder, only that 
cylinder was horizontal instead of being vertical. The paper also 
was fed-in in sheets from ten separate platforms. There was as yet 
no web. 

The first machine made on the model of the Nelson Press was 
that of Marinoni of Paris, but even that was not in the first instance 
a web machine. The reel of paper, however, was soon added, and 
in its completed form, as patented in this country in 1872, the 
machine was an obvious copy of the Nelson Press, and indeed that 
was scarcely denied by the inventors. Since that time, the rotary 
press has been brought to a marveilons state of perfection in the 
"Walter Press," and in the "Hoe Double-web Press"; and while 
I, of course, admit that these machines contain many improvement 
and refinements that were not dreamed of in 1860, I think I am 
entitled to claim that the three essentials of these and of all rolaty 
machines — namely, plates cast in the curve, a web of paper, and a 
serrated knife— were all found in the Nelson Press, as it was 
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exhibited in 1851, and were there in combiastion for the first 

Mr NeUon could never be iaduced to lay claim to the invention, 
aad I believe he did not patent it. It was with difficnlty that be 
was induced to allow the original model to be exhibited in the 
Edinburgh Exhibition of 1886. He did not care abont the matter 
on personal gronnds ; bnt he was anxious that, as Edinbuigh haa the 
credit of introducing stereotyping iu the British Islands, so Edin- 
burgh should have the credit of having produced the fiist rotary 
printing-machine in Ae world. 

Mr Nelson's fertile mind was always generatiug fresh ideas, many 
of which were turned to practical account in his business, and 
especially in hia school-book work. Though not a professed man 
of letters, he had remarkable facility in writing for the young in a 
manner that arrested attention. His first school-books were edited 
by himself ; and to the last he continued to write lessons and to 
project new books. Considering the thousands (I might say the 
millions) of school-books issued from his press during the last 
quarter of a century, it would be difficult to exaggerate the extent of 
his influence on the yonth of the country. Though not a professed 
linguist, he had original views about the origin and development 
of language, and especially about grammar, which received the 
approval of distinguished scholars. Though not a professed scientist, 
he developed new ideas in connection especially with geography and 
map-making, which were endorsed by eminent specialists like Sir 
John HerachelL 

He was a man of indefatigable energy, with a, great capacity and 
an insatiable appetite for work. When a new idea had taken hold 
of him, he could not rest till he had carried it out It possessed 
his whole mind, and in favour of it everything else had to be laid 
aside for the time. To this power of concentration much of his 
success in business was due. Much also was due, however, to his 
sound judgment, and to his possession in a remarkable degree of 
what he called the publisher's Instinct The projecting and the 
working out of new schemes gave him the keenest enjoyment. 
Difficulties only gave spur to his intent and zest to his labour; and 
it he was not too much elated by success, neither was he easily 
daunted by failure. 
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Fethaps the most striking inatance of his resolution and his 
fearless mettle occurred on the occasion of the great fire already 
referred to. The total destruction of buildings so costly, so 
convenient, and so handsome, would have paralysed most men; 
but Thomas Nelson was not thus easily dismayed. On the day 
following the night of the fire, and while it was etiU smouldering, 
he took possession of the desk of the present writer in an oi^oining 
house iu Hope Park Terrace, and sent off thence telegrams and 
letters to England, France, and America, ordering new printing 
presses and other machines. At the same time, he arranged with 
architects and builders for the erection of a series of brick sheds 
on his owii ground at St Leonard's, for the reception of these 
machines, which sheds formed the nucleus of the new Parkside 
Works. He also made arrangements with the leading printers in 
Edinburgh for the immediate production of new stock from the 
stereotype plates which had fortanately been saved. That the 
business, in spite of the fire, was carried on with scarcely an 
appreciable break, was due entirely to bis enterprise and resource, 
which scarcely fell short of being heroic. So true is it that " In 
the reproof of chance lies the true proof of men." 

Thomas Nelson was very little of a public man. He was a keen 
politician, but he seldom appeared on political platforms ; and 
though a staunch Free Churchman, ho avoided Church Courts. He 
knew that his strength lay in his business, and he wisely confined 
himaelf to that ; but that did not prevent him from taking a deep 
and earnest interest in public affairs, or in religious, scientific, and 
educational movements. With such movements he frequently 
showed his sympathy in the form of handsome subscriptions, as in 
the case of the erection of the new Royal Infirmary, and of the new 
University buildings. He was a remarkable member of a remarkable 
family, which has done much to enhance the fame of Edinburgh in 
connection with its most characteristic industry, and to which 
Edinburgh, and indeed Scotland, is indebted for signal examples of 
personal worth of public spirit, and of patriotism. 
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Andrew Young, F.G.S. By Professor Flint. D.t). 
(R«ad December 21, ISGl.) 

Andrew Yoang, the subject of this notice, was born at Edinburgh 
in 1807. His first instructor was his father, David Young, a success- 
ful teacher ia the city during half a century. He early entered the 
Univeraity, and passed with distinction through the curricula of 
Arts and Theology. He had IXniTcrBity Prizes awarded him for no 
less than five poems. These poems show a facility and skill In the 
metrical expression of his thoughts and feelings remarkable in a 
youth of from fifteen to seventeen years of age, and only to be 
explained by a naturally poetical disposition having prompted him 
almost from childhood to cultivate the art of versification. The 
poem on " The Scottish Highlands," warmly commended by Pro- 
fessor Wilson when declaring him Laureate of the Moral Philosophy 
Class, is not only the longest and most laboured of his compositions, 
but the one which gives the highest conception and fullest measure 
of his poetical talent and resources. 

Having completed his conrse at the University he chose teaching 
as his profession in preference to the miaisitry. At the age of 
twenty-one he was appointed by the Town Council of Edinburgh to 
the head-mastership of S^iddry Street School, a position which he 
held for eleven years. It was during this period that he composed 
that delightful Sabbath-school hymn, "The Happy Land," which 
has been so widely and richly productive of good, and which has 
endeared his name to raultitudee in all parts of the world. It well 
deserves its success and influence, although it owes them not to any 
rare or remarkable felicities either of thought or expression, but to 
the admirable adjustment of the words to the melody, end of both 
to the minds and voices of the young. The secret of its charm and 
power reveals itself at once when heard sung by a fairly large 
number of children. As to the circumstances in which it was 
written I need only refer to Mr Young's own account of them in 
the preface to his " Poems." 

In 1840 he was appointed head-master of the English Depart- 
ment in Madras College, St Andrews. After teaching there with 
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acceptance for thirteen yeara, lie retired into private life, and 
settled in Edinbuigh. But he did not cease to manifest his love of 
teaching and his inteteat in the young. For many yean he was 
the Superintendent of Qreeneide Parish Sunday School. Ko 
position could have been more congenial to him than was this. 

He published in 1876 The Scottish Highlands, and other 
Poems, The volume was very favourably received by the press, 
and had a large circulation. If it nowhere shows us that its 
author was a great poet, it throughout shows qb that he posaessed 
a genoinely poetical nature, and a fervent and devout spirit. The 
feelings which inspire his verse are always pure and lovable, and 
the verse itself flows with ease and naturalness. 

Mr Young was elected a Fellow of this Society on the 5tb of 
December 1861. He was also a member of the Geological Socie^. 

He died on the 30th of November 1889, and was buried on the 
4th of December in Roeebank Cemetery. He was twice married, 
and is survived by a widow and daughter. 
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Knott (Professor CO.), D.Sc. Recent 
luDOvations in Vector Theory, 212. 



Lestier Rorqual. Sec Rorqual. 
Library, Donations to the, 278. 
Locus (A certain). Set Schonte 

(Professor P. H.). 
Lowell (James Russell), deceased. 

Notice of, in President's Address, 



Mackay (Sheriff .Xneas J. G.). Obit- 
uary Notice of Lord President 
Inglis, xuL 

Obituary Notice of Alex. 

Forbes Irvine of Drum, iiiii. 

Jlackay (J. 8.), Obituary Notice. 
Thomas Miller, LLD., liv. 

llacleod, SirGeorge. Obituat? Notice 
of, by the Rev. W. H. Macleod, 

Maoleod (Rev. W. H.K Obituary 

Notice of Sir George Macleod, xl. 
Uoclagan (Sir Douglas), President, 

delivers OpentDg Address of Session 

1891-B2, 2. 
M'Lareu [The Hon. Lord). On the 

Eliminant of the Equations ot the 

EUipse.Glissette, 89. 
— — ■ AJJrea-ieson Presenting Keith 

Prize for 1889-fil, to R. T. 

Omond, and Uakdougall- Brisbane 

Prize for 1S8S-90, to Dr Ludwig 

Becker, 270-272. 
A Nen- Solution of Sylvester's 

Problem of the Three Ternary 

Equations, 261. 
Ma^etisattoD. Certain Remarkable 

Volume Effects of Magnetisation. 

By Professor Cargill G, Knott and 

A. Shand, BS, 219. 
Makdougall- Brisbane Prize. Sre 

Matthevs (Duncan), deceased. Notice 
of in President's Address, 7. 

Meetings of the Society during Session 
1891-92, 287. 

Methylacrylic Add, 216. 

Miller (Thomas), deceased, Notice of, 
in President's Address, 11. 

Obituary Notice of, by J. S. 

Mackay, LL.D,, liv. 

Muir (Tiiomas), LLD. A Series of 
Convergents to the Roots ofa Num- 
ber, 15. 

Nole on a Pioblem of Elimina- 
tion connected with Glissettes of an 
Ellipse or Hyperbola, 26. 

Koto on Dr Muir's Solution of 

Sylvester's Elimination Problem, by 
Professor Tait, 131. 

Mvlne (Robert William), deceased. 
Notice of, in President's Address, 8. 
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Offin-Bearera for Session 1S9I-92, T. 
Olfactory Offjana o( Helii. By Dr 

A. B. Griflitha. 198. 
Omond (R. T.). awarded Keith 

Prize for 1889-91, 270. 

I'atoii (D. Noel, M.D,). On a Crys- 

UllineGlobutiDDCcurriDgiaHamui 

Urine, 102. 
Pa]>ers, Titles of, read during Session 

1891-92, 267. 
Peddie (William), D.Se. Note on the 

Law of the Transformation of Energy 

See Professor Tait, 1S3. 
Prizes. Keitli Prile (1889-91) 

awarded to R. T. Omond, 270. 
Uakdongall- Brisbane Prize 

(1888-90) awarded to Dr Ludwig 

Becker, 272. 
Ptomamea extracted from Urine 

certain Infections Diseases, by 

DrA. B. Griffiths, 97 

Renal Organs of Asteridea. By Dr 
A. B. Griffithi, 200. 

Roots of a Kuniber. A Series of Con- 
versents to the Roots of n Number. 
By Thomas Muir, LLD, IS. 

Rorqiml, the Lessor {BaliEOoplcTa 
Toetmla), in the Scottish Seas, with 
Observations on its Anatomy, by Sir 
William Turner, LLD., D.C.L., 36. 

Sanderson (Dr James), deceased, 
Notice of, in President's Address, B. 

Sang (Edward, LL.D.), Jecessed, 
Notice of, JD Preaident's Address, 7. 

Schoute (Profe.tsor P. H.) On a Cer- 
tain Locus, 208. 

Schultzc (Adolf Pault, deceased. 
Notice of, in President's Address, 8. 

Sebacic Acid, 247. 

Sliand (A.) and Professor Cargill G. 
Knott. On Certain Remarkable 
Volume Effects of Magnetisation, 
85, 2*9. 

SpBce, Division of, into Infinitesimal 
Cubes. By Profesaor Tait, 193. 

Stirling (Patrick James, LLD.), de- 
ceased, Notice of, in President's 
Address, 8. 

S win ton (Archibald CampbeU, LL.D.), 



Ixvii 

Sylvester's Elimination Problem, 
Note on Dr Mair's Solntion of, bv 
Profecsor Tait, 131. 
— — A nsw Solution of Sylvester's 
Problem of the Three Ternary 
Equations. By the Hon. Lord 
M'Uren, 264. 

Synthesis by means of Electrolvsis, 
bT Professor Crum Brown and Dr 
James Walker, Part VI., 243. 



Tait (Professor P. O.). On tho Foun- 
dations of the Kinetic Theory of 
Gases. V., 82. 

Note on Dr Muir's Solution jjf 

Sylvester's Elimination Problem, 
131. 

Note on the Thermal Effect of 

Fresaure od Water, 133. 

Note on the Division of Space 

into Inlinitesimal Cubes, 193. 

TettamethyUucdnic Acid, Synthesis 
of, 243. 

Thermal Effect of Pressure on Water, 
by Professor Tait, 133. 

Thermometer and Water-tiottle, Modi- 
fications of, for Deep-sea Researcli, 
by J. Y. Buchanan, 238. 

Tranrformation of Energy and its 
Applications, by William Peddle, 
D.Sc., 263. 

Turnbult (John), deceased, Notice of, 
in President's Address, 9. 

Turner (Dawson), M. D. Preliminary 
Communication on the Electrical 
Resistance of Varions Urines, 20. 

Turner (Sir William), LL.D., D.C.L. 
The Lesser Rorqual {Bai/ettiipUra 
Tostrata) in the Scottish Seas, with 
Observations on it& Anatomy, 36. 



Uniform Convergence, Note on, by 

Professor Cayley, 203. 
Urine. On the Electrical Resistance 

of Various Urines. By Dawson 

Turner, M.D., 20. 
— ^ PWniainea extracted from 

Urine in certain Infectious Diseases. 

By Dr A. B. Griffiths, 
On I " ■ "■ 



cabulary of Wanyoro Language, 
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Walker (Dr J«mea} and Professor ^ 
Cram Brown. Syntheaia by mesDa 
of Eleotrolyeis. Part VI., 248. 

Wmyoro Tribe of Central Africa, By 
RoVrt W. Felkin, M.D., 136. 
Physical Featorea and Climate, IST; 
Population, 138, 145; Dress and 
Oruaments, 141; PatholofFf, 142; 
Heproduction, 144 ; Foi3, 147 ; 
HabitaUons, 149 ; Narcotics, 150 ; 
Amusements and Music, IGl ; &gn- 
CuUure, 153 ; Domestic and Wild 
AnimBls, 154 ; Manufactures and 
Trade, 156 ; History and Goveni- 
meut, 1G9 ; Burial Customs, 1S2; 



DtTinatioDs and Beligioas Beliers, 

187, 168; Langnage, 168-177. 
Water. Thormsf Effect of Pressure 

on Water. By Profassor Tait, 133. 
Water-Bottle and Thermometer, Modi- 

fication of, for Deep-sea Research. 

By J. Y. Buchanan, 238. 
Weber (Wilhelm Edusrd), deceased. 

Notice of, in President's Address, IS. 
Weatera (B. W. >, The Tacticsadopted 

by certain Birds when flying in the 

Wind, 76. 



..v)OgIc 



■ Google 



■ Google 



■ Google 



